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The Hump Method for Heat Treating Sfeel 


New Method Utilizes Transformation Point Record to Indicate 
When Work Should Be Withdrawn From the Furnace—Descrip- 
tion and Illustrations of Equipment Used. 


NEW method for the heat-treatment of steel has 
A recently been introduced, which promises to revolu- 

tionize hardening room procedure and results. The 
purpose of heat-treating processes is to impart certain 
qualities of hardness, toughness, tensile strength, grain 
structure, etc., to the material, and this should be reliably 
accomplished without change in size or shape, without 
scaling or decarbonization, without waste of material by 
faulty treatment and with the least possible expense for 
labor and supervision. In all of these respects the new 
method known as the “hump method,” exerts a favorabic 
influence upon hardening room practice. 

The hump method, as covered by U. S. Patent No. 
1,188,128, utilizes the outward manifestation of changes 
in internal structure which takes place when steel! is 
heated past the so-called critical or transformation point 
to indicate when the work should be withdrawn from the 
furnace. In using this method, the temperature of the 
furnace, and therefore of the work, is raised at a untform 
rate until the transformation point of the steel is reached. 
At this time there will be a marked decrease in the rate 
of temperature rise. This change in the rate of rise is 
made plainly visible to the operator by an autographic 
recorder connected to a thermocouple placed close ta or 
in contact with the work. The effect is clearly shown by 
-a bend or hump in the curve as at C, Fig. 1. 

This hump corresponds to a pause in temperature rise 
or decrease in rate of heating of the steel, which occurs 
in spite of the fact that heat is being transferred to the 
- work during this interval as rapidly as before or after. 
It is explained by metallurgists as being due to the dis- 
_ solving of cementite, or carbide of iron, in the pure iron, 
or ferrite, and to other chemical and physical changes, de- 
pending upon the compositio nof the steel. Bv micro- 
scopical and chemical means, it is known that the physic- 
al and chemical structure of steel after quenching is pro- 
‘foundly influenced by the relative time of quenching 
with respect to the time at which the arrest occurs. The 
hardness, strength, ductility and toughness are all def- 
nitely influenced. 

As a guide in hardening, the temperature pause, or 
decalescence point, as it is called, is much more reliable 
than is the furnace temperature as indicated by a pvrome- 
ter. The arrest in temperature signaled by the hump or 
bend in the line drawn by the pyrometer pen shows that 
the internal changes so momentous as affecting the quali- 
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ties of the finished stecl, are actually taking place, and 
once the proper interval to be allowed after the hump 
before quenching has been determined, there is no uncer- 
tainty about the results of hardening. 

If, on the other hand, the work be controlled with 
reference to temperature readings only, there are several 
possible sources of error, namely: 

(a) The thermocouple may be at a temperature dif- 
ferent from that of the work, due either to insufficient 
time having elapsed for the work to assume the furnace 
temperature or to inequalities in temperature between 
different parts of the furnace. . Experiments which have 
been made with commutating recording pyrometers con- 
nected to read alternately upon two or more thermo- 
couples in a single furnace show how surprising differ- 
ences in temperature persist even after prolonged “soak- 
ing.” To insure that the work shall actually reach the 
desired temperature within a reasonable time, the fur- 
nace is often held at a higher temperature, which is 
afterwards reduced. The “soaking” and possible over- 
heating of the work may, and often do, result in injur- 
ious growth in grain size in the metal being treated 

(b) In attempting to hold the furnace at a constant 
temperature, the temperature may fluctuate, and even 
though it may subsequently be reduced to the proper 
temperature, the work may nevertheless have been over- 
heated and injured. In the hump method the quench is 
made as soon as the work is at the right distance above 
the critical point, and the work is given no opportunity 
to reach an excessive temperature. 

(c) The temperature which is assumed as the critic- 
al temperature of the steel may not be correct. On the 
other hand, using the hump method, the time at which 
each lot of material passes through the critical point is 
definitely located. . 

The lead pot and the fused salt bath methods of heat- 
ing work for hardening give greater assurance than does 
the ordinary furnace that the work shall reach a uniform 
temperature, but there still remain uncertainties as to the 
actual transformation temperature and as to accuracy of © 
the temperature measurement, and growth in grain size 
due to too long immersion may occur. Lead or salt baths 
give no control whatever of the rate of heating. Harden- 
ing baths also have many practical disadvantages. such 
as expense, dirt, necessity of subsequently cleaning the 
work, space occupied, etc. , 
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(d) The pyrometer used for measuring furnace 
temperature may be incorrect. 

The user of the hump method need not concern him- 
Self about the absolute accuracy of his pyrometer, nor 
_bother with independent transformation point determi- 
nations. It is not at all necessary that the temperature 
indicated by the thermocouple should be the correct tem- 
perature of the work, for so long as the recorder con- 
nected to the thermocouple shows clearly the pause in 
temperature rise, the moment at which transformation 
occurs is definitely known. Having learned by trial just 
how many minutes should elapse after the beginning or 
end of the transformation before the work is removed 
from the furnace, he is upon sure ground and can re- 
peat results. 

Uniform, standardized conditions and a control 
of the rate oi heating the work are essential to the 
hump method of heat treatment. A small furnace for 
heat-treating toois, dies, etc., is shown in Fig. 2. The 
heating element consists of a vertical, cylindrical re- 
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Fig. 1—Chart from a curve-drawing pyrometer show- 
ing hump C-D due to passing of steel through the 
transformation point. 


- gistor, surrounded by insulating material in a sheet- 
iron jacket. The resistor rests upon a refractory 
block, which is supported by. a cast-iron bottom plate. 
The heating chamber is closed at the top by a re- 
fractory cover, while a cast-iron top-plate confines 
the top loose insulating material, filling the space be- 
tween resisto> and jacket. An iron-constantin ther- 
mocouple of kare No. 8 gauge wire projects upward 
from the center cf the bottom refractory block. 


By means of a small wire attached to a tool sup- 
port cn the top piate of the furnace, the work to be 
treated can bc suspended in close proximity to, or 
touching, the end of the thermocouple. In production 
furnaces other methods of supporting the work are 
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At the. moment when the work is introduced into 
the furnace, ta+ temperature of the latter is, say, 1,400 
degrees F., but the heat storage capacity of the fur- 
nace walls vemg small compared with that of the 
charge, the temperatures of both thermocouple and 
furnace walls drop rapidly a few hundred degrees, 
the current throvgh the heating clement or resistor 
being shut olf during this time. The result can be 
seen in the chart made by a curve-drawing pyrometer 
connected to a thormoucouple located in a furnace 
operated in the manner just described, as reproduced 
in Fig. 1. The temperature drops rapidly from 1,400 
degrees F. at A to about 870 degrees F., and then rises 
slowly to B, where it is stationary, the thermocouple, 
furnace walls. and all parts, small and large, of the 


P—— 3 toc! Suppart 


é 
4 
4 


FD at ta ae 


yar Cover 


iY. 


yj 


t- a 


é 
i 
Y 
Y 


° 


EEL ER FE ANTAEENS GASSES 
, ea b ae ee 


Na 


ial 


7 

th 

Fig. 2—Electric furnace used for 
eat treatment of tools, dies, 
etc., by the hump method. 


charge having reached approximately the same temper- 
ature. The switch is then closed, the input being so 
regulated that the temperature rises at the desired rate. 
The fact that th. work and furnace start from the 
same temperature at B, far below the critical point, cou- 
pled with a proper arrangement of the heating ele- 
ment, with respect to the charge, insures that all parts 
of the work wi!l go through the critical point at the 
same time. This is desirable in order to avoid stresses 
and distortion that would follow from unequal expan- 
sion or contraction if different parts of the work 
passed through the transformation point at different 
times. 


The arrival cf the work at the transformation point 


used. For example, in the furnace shown in Fig. 3, 
designed for heat-treatment of automobile transmission 
gears, the work is placed upon holders before insertion 
‘in the furnace. Covers placed on the furnace com- 
pletely close in the heating chamber, preventing re- 
newal of the atmosphere, and the work is thus pro- 
tected agains: cxidation and scaling. 


-C causes an‘abrupt change in the rate of heating, due 
to the suddenly increased capacity of the steel to store 
heat, the temperature stops rising or proceeds much more 


slowly than before, although the rate of supply of heat 
energy has not becn changed, however, once the trans- 
formation is completed, as at D, the temperature again 
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rises rapidly. The pause is plainly shown by the hump 
in the curve. 

Before quenching, it is necessary to heat the work 
for a certain time after this point, the time depending on 
the mass and shape of the steel, the quenching medium 
employed, and the qualities desired. The exact fur- 
ther. heating to be allowed after the completion of the 
transformation point is learned by experience or trial, 
but once known, all uncertainty as to the result is 
practically eliminated. 

In using the hump method, the metal is quenched 
without hesitation, as soon as the pen has gone the 
prescribed distance past the “hump” which indicates 
the transformation point. Errors due to inaccuracy of 
pyrometers, non-uniform temperature in the furnace fail- 
ure of the work to reach the furnace temperature. or in- 
correct informat:on regarding the transformation tem- 
perature, are avoided, and the stecl is not injured by 
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Fig. 3—Electric furnace used in 
the commercial production of 


automobile gears by the hump 
method. 


overheating o: by holding it at a high temperature for 
too long a tin:e. Each piece of work carried the same 
distance beyond the reference point C or D will show 
the same internzl structure. This is true whether or 
not the temperature represented at the point C on the 
chart is correct, and whether or not it is the actual 
temperature of the steel at that moment. The im- 
portant fact is tliac the chart tells the attendant when 
the steel is going through the transformation, from 
which he may know that quenching after a certain 
interval will sccure the desired physical qualities. Fur- 
thermore, the chart remains as a record of just how 
each individual! lot of steel was treated, and can be 
referred to in connection with properties developed in 
physical tests of that steel. 

It is found that the rate of temperature increase 
has a marked influence upon the properties exhibited 
by the steel after quenching. The resistance furnace 
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is admirably alapted for controlling the rate of tem- 
perature rise, since the rate of energy input is easily 
regulated by 1eference to an ammeter supplied as part 
of the furnace equipment. The potentiometer pyrome- 
ter, Fig. 4, ‘s likewise peculiarly suited for carrying 
out the hump incthod of heat treatment, as it is sen- 
sitive to small changes in thermocouple emf, and ex- 
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Fig. 4—Leeds & Northrup Curve-drawing Potentiometer used 
in connection with the hump method of heat treatment. 
The pen trace on the chart shows records of the heat treat- 
ment of successive lots of automobile transmission gears. 


hibits changes ‘n rate of temperature rise upon a mag- 
nified scale. It is, in fact, the only form of pyrometer 
having these qualities in the desired degree. 


As an example of the use of the electric furnace in 
hardering tovis, the manner in which punches and dies 
are produced in a shop where this method has been 
used exclusivety ivr the past six years will be described. 
One of these ptuiches and dies is shown in Fig. 5. The 
punch is first nade in the ordinary way by machining 
and hand fin:shing. It is easy to secure accuracy in 
the making 9f « punch, as all measuring, gaging, etc., 
is done on tte outside. The die is made to approxi- 
mately the ccrrect size, but slightly smaller. The 
punch, havinz becn hardened and ground to exact di- 
mensions, is then used as a broach to cut the die. It 
is forced into the die a short distance, raising a burr, 
which is tremoved by filing, the operation being re- 
peated until the cut is finished. The die is then relieved, 
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but no further work is done on the cutting edge. After 
hardening the die by the hump method, the size and 
shape are found te be so exact with respect to the 
puncn, that subsequent work, as stoning or grinding, 
is not required. : 

Dies whica have been broached by the punch and 
then hardened by the hump method, are superior, for 
purposes whcre close correspondence of punch and 
die are necessary to hand-made dies hardened by hand 
work after hardening, and such hand work can be 
guided only ty reference to a templet. It is practically 
impossible to make the templet exactly the same shape 
as the punch, ind it is also difficult to make a die ex- 
actly the samme shape and size as the punch, as any 
hand work is necessarily more or less irregular. 

_ The fact that dies hardened by the hump method 
fit exactly witn the punches by which they are 


‘broaclied, shovr3 that there has been no volume change | 


or distortion during the process of hardening. It has 
Ibeen found, however, that the previous history of the 
‘material, the rate of heating and the interval which is 
allowed to elups¢ -Letween the transformation point and 
the quenching point has certain relations to volume 
changes which are of great importance in the harden- 
ing of such objects as dies, milling cutters, gears, etc. 

Comparisors made in the instrument shops of the 
Frankford Arsena! of taps hardened in an electric fur- 
nace by the huwp method with taps hardened in a gas 
furnace indicate that superior physical qualities, as 
shown by increased life, are obtained by the hump 
method. The gas furnace was of the partial muffle type, 
burning illuminating gas. The clectric furnace was, 
after brief instructions, operated by the same man who 
had been hardening taps in the gas furnace for several 
years. The tollowing is a summary of the results: 
-< The taps were 1.504 inches in diameter, had 12 
threads per inch, and were used in tapping fuse holds 
in three-inch stee! projectiles. Tests were made on 
taps from fouc different brands of steel. The fig- 
‘ures in the tab!e represent the number of holes tapped 
after each grinding. 


Brand A 
oO 
er oe 
s 2. & 
: | 8 
2 a * 22 $ bs 
Pr <= (- 
a ie nm bef 
Average (7) gas treated........ 29 204 86 65 384 
Average (2) electric treated..... 100. 270. 33 TOS S06: 32% 
Brand B 
Average (7) gas treated........ 4. TS) 25: ot 206 
Average (2) electric treated.... 7 384 26 20 437 48% 
Brand C 
Average (9) gas treated........ 94 210 207 9 S52 
Average (8) electric treated.... 414 232 129 8 782 50% 
Brand D 
Average (7) gas treated........ 131 243: :340: <2). ‘792 


Average (2) electric treated.... 520 107 350 10 987 25% 


With each brand of steel, therefore, taps hardened 
in the electric furnace showed a greatly increased 
life over those hardened in the gas furnace. 

Except with brand B, the average is very marked 
before the first regrind. The fact that these taps 
averaged 38+ hcles after the first regrind indicates 
that the fauit is not in the hardening, but in some 
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March, 1920 


unavoidable features in the grinding, or in the use of 
the taps. The outer case of the taps should be the 


‘hardest, and if the tap is held to shape in hardening, 


more of its haia surface remains for use. This would 
probably be tle case in the electric furnace and might 
account for the greater life before the first regrind. 
Then, again, there is more decarbonization in the gas 
furnace, and ihis would cause the surface to be com- 
posed of low carbon steel, which would not be good 
for cutting wurreses. The life of a tap would nat- 
urally be expected to decrease gradually as in brand 


‘C (electric treated). In the electric furnace the work 


is heated in a reutral atmosphere, and emerges prac- 
tically as clein after hardening as before it was placed 
in the furnace, saving considerable in time and money 
for finishing. 

Production cperations are greatly simplified by 
the use of electric heat-treating furnaces with the 
hump method. As an example refer to Fig. 6. For- 
merly in this plant automobile transmission géars 
were lieated for hardening in lead pots located in the 
basement beneath the machine shop. After the gears 
had been machined, they were removed on trucks to 
an elevator, lowered to the heat-treating room, an un- 
comfortable piace because of heat and fumes, and 


wheeled to the lead pots. The gears were placed in the 
I, 


Fie. 5—Blanking punch and die hardened by the hump 

- method. The die was broached by the punch and then 

hardened. Although no hand-work has been done 
upon it, it still fits the die perfectly. 


lead pots in batches, and when they had come up to 
temperature, were lifted out one at a time, and dropped 
into the oil quenching bath. The time of heating in 
the lead pots was thus not the same for all pieces, and 
the temperatur also varied with the location in the 
pot, possibly resulting in non-uniform hardness and 
grain structure. The gears were also sometimes 1n- 
jured by dropping upon one another in the quenching 
tank. The drawing was done in gas furnaces, followed 
by an oil quench. Upon their return to the machine 
shop, the gears were wire-brushed to remove adher- 
ing lead. 

The electri: furnace equipment replacing the lead 
pots and gas furnace is located in the machine shop 
itself. There ate six electric hardening furnaces lo- 
cated on two sides about a quenching tank, with: 
three electric annealing furnaces on the remaining 
side, also a drain grid and the cleansing bath between 


the quenching tank and the annealing furnaces. The 


tops of all furnaces and tanks are flush with an 
The work is brought on trucks 
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to the edge of the platform, where a boy arranges the 
gears upon holders, which are easily picked up by 
the operator, ard upon Ww hich the gears remain until 
they have passed in turn through hardening furnace, 
quenching tank, cleansing bath and drawing furnace. 
Corresponding to each hardening furnace, there is a 
curve-drawing recorder, and for each drawing furnace 
an automatic temperature recording controller, all 
mounted upon a wall near by, where aiso are the fur- 
nace rheostats. An assistant foreman on duty at this 
point directs the operations according to the .indica- 
tions of the curve-drawing recorders connected to the 
hardening furnaces. 

The amount of electrical energy consumed by the 
electric furnace is comparatively little, due to the very 
efficient insulation. ‘There is no loss of heat in waste 
gases, as with combusition furnaces, leaving to be 
supplied only the heat imparted to the work. The 
higher cost of electrical energy is more than repaid by 
the Saving in necessary apparatus, such as ptiimps, 
blowers, burners, etc., and the labor costs. as the 
electric furnace can be located in the machine shop 
in the direct line of manufacture, thus Saving the 
double handling of the work which is necessary where 
the latter must be taken from the machine shop to a 
hardening room and then back again. 

The use of the hump method in regular manufac- 
turing results in a higher grade, a more uniform out- 
put, and simplifies handling and cleaning to such an 
extent as to render the cost of electrical energy of 
minor importance. Dependable results and large vol- 
ume of output are obtained with regularity and cer- 
tainty, and without requiring a large number of 
skilled men. 

Where electric furnaces are used in the tool room, 
the tool-maker can be closely in contact with the hard- 
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ener, so that mcthods of operation in tool making, 
which often increases the difficulties of the hardener, 
can be avoided, while through the use of the hump 
method it 1s sometimes possible to simplify the work 
of the tool maker as related in connection with die 
making. 

The hump method of heat treatment is controlled 
by Leeds & Northrup Co., of Philadelphia, which com- 
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Fig. eaveue of hump method heat treatment equipment in 
the machine shop of a large producer of automobile gears. 


pany also manufactures the electric furnaces and curve- 
drawing pyrometers used in carrying out the process. 
Hump method equipments for hardening tools and 
dies have been installed by such concerns as the In- 
gersoll-Rand Co., the Miller Lock Co., etc., while 
equipments for large-scale commercial production are 
used by the manufacturers of the Packard, Hudson, 
Dort and Nash motor cars, by the Detroit Gear and 
Machine, and Brown Lipe Gear Companies, and by 
other well-known concerns in the automobile field. 


Co-efficient of Expansion of Alloy Steels 


Importance of Correct Conception of Co-efficient of Expansion. 
Table Shows Mark, Analysis, Tensile Properties, Hardness, Izod 
Figures and Co-efficient of Expansion for Two Ranges of Heating. 


By JOHN A. MATHEWS, 
President, Halcomb Steel Company. 


URING the prosecution of the aircraft-production 
prograin in 1917 and 1918, the writer visited many 
plants engaged in the manufacture of motors, planes 

and varts, in carrying out his duties as chaiman of 
the Committee on Aircraft-engine lorgings. On sev- 
eral occasions, when the question of expansion was 
discussed, it was noted that there was confusion in 
the use of the terms: the true cocfficient of expansion, 
a physical constant, and distortion in hardening. One 
engincer, referring to a steel shown in the accompany- 
ing table, stated that he could not consider it for 
crankshafts because of its excessive coefficient of ex- 
pansion, while another steel, also lisiea in the able, 


Paper presented before the February mecting of the 
American Institute of Mining and Metallurgical Lngineers. 
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was said to be especially good be.ause it had no co- 
efficient of expansion, since it cime out of: the oif 
bath perfectly straight. Many years ago one of our 
empioyes designed a new oil furnace; when asked 
what became of the products of combustivn, he re: 
plied: “There ain’t any, we burn them ell up.” — 


While the coefficient of expansion is not without 
its effect in volume changes in hardene:! steel, it is 
not a determining factor in the maiter of distortion and 
going out of shape. Irregular heating, uneven fur- 
nace bottoms, and carelessness 1n witndrawing -the 
part from the furnace, as well as the mannex in which 
the part enters the quenching bath are of g>cater mo- 
ment. Generally speaking, also, steels of resitivery low 
hardening temperature will distort’ less than. those 


186 The Blast Furnace@ Steel Plant 


requiring higher hardening heats. The coefficient of 
expansion must be considered in engineer:ty design 
most frequenty when different metals or alloys are 
used in the same construction. For exampi the dif- 
ference of expansion between a steel crankshaft and 
an aluminum crank-case might be of real wportance 
and a steel with no coefficient of expansion would de 
much less desirable than one with the nermal co- 
efficient. 


About 15 years ago, the writer made man7 dctermi- 
nations of the coefficient of expansion at low temper- 
ature ranges, usually between 20 degrees a:ud 100 de- 
grees C. Among the materials tested we-c: Pure 
forged electrolytic iron, 11.73 parts per million for 
1 degree C.; cast aluminum (99.93 per cent. Al.), 23.86; 
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nature. Few laboratories are equipped to make these 
tests and, at least until very recently, there has not 
been available any commercial form of dilatometer 
that could be used by the average laboratory worker. 
It would not be necessary for every laboratory to make 
these determinations if the full information were 
available in connection with the determinations that 
have already been made by many able investigators. 


Through the cooperation and assistance of Maj. 
Healset and Capt. H. F. Wood, of the Detroit Branch 
of the Aircraf: Production Department, our commit- 
tee was assisted 1n securing various types of alloy 
steels used for crankshafts; and in connection with 
them we have the analyses and tensile properties, also 
the hardness a1z:d shock-test valucs in several cases. 


TaBLE 1 


Analysis 


Sulfur | Chromium] Vanadium 
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0.64 
0.66 
0.64 
0.58 
0.65 
0.78 
0.81 
0.76 
0.72 
0.81 
0.78 
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Pa 
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ponent ) 
arts per Milli 


Shore Range, C. 
ao 312° F.° 


Monel metal, 13.75; nickel steel (30 per cent Ni.), 
13.38; soft steel, 11.09; commercial nickel. 12.42. 
‘These figures illustrate a general defect noticeable in 
much of the published data, namely. complete enaly- 
ses and conditions of heat treatment are frequently 
lacking. For example, the following values are taken 
from tables of physical constants: Soft iron, 12.10; 
wrought iron, 11.40; steel, annealed, 10.95; steel, 
13.22; nickel, 12.79; cast brass, 17.22; tempered steel, 
12.40. 


Most of these materials may represent a wide va- 
riety of analyses and a wide varity of physical con- 
ditions and a comparison of various tables from dif- 
ferent sources would lead one to suspect that there 
was likely to be some variation in the constants of 
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Source and Treatment 


Liberty shaft from Lincoln. 

Liberty shaft from Ford. 

Liberty shaft from Packard. 

Quenched 1525° F. (830° C.) oil; drawn etal F. (870° C.). 
Liberty shaft, source unknown. 

Liberty shaft, source unknown. 

Rolls-Royce shaft. 

Quenched 1700° F. (930° C.) oil; drawn 1200° F. (650° C.). 
Quenched 1700° F. (930° C.) oil; drawn 1150° F. (620° C.). 
Quenched 1700° F. (930° C.) oil; drawn 1100° F. (890° C.). 
Quenched 1525° F. (930° C.) oil; drawn 1100° F. (590° C.). 


The writer has supplemented this list with other types 
of a.loy steels frequently used for axles, shafts, etc.; 
all ot {nis matcrial has been tested in a heat-treatzd 
condition, which has produced clastic properties be- 
tween 100,000 and 150,000 lb. per sq. in. yield point. 
The Bureau cf Standards codperated with the com- 


mittee and made the actual tests of coefficient of ex- 


pansion, which is a sufficient guarantee of the accuracy 
of the figures presented. \We hope the complete data 
presented may prove of value to engineers and that 
future authors, 1m presenting data cn the same subject, 
may follow tne example set. The accompanying table 
shows mark, cnalyses tensile properties, hardness, 
Izod figures and the coefficient of expansion for two 
ranges of heating, viz., 25 to 100 degrees C. (77 to 


March, 1920 


212 degrees F.), and 25 to 270 degrees C. (77 to 518 
F.), the steels being arranged in the order of increas- 
ing coetficients for the wider range of heating. 


Where exact heat treatment is not given, we feel 
reasonably certain that the crankshafts were hardened 
from a temperature of about 1,550 degrees F. (840 de- 
grees C.) and cuenched in water until black, after 
which they were immediately put into the drawing 
furnace and the temper drawn to about 1,050 degrees 
F. (570 degrees C.). In a few cases it is possible that 
the original quenching was done in oil rather than in 
water. 


It will be ioted that the maximum variation be- 
tween the highest and the lowest coefficient of this 
widely differing group of steels is only 1.34 parts per 
million for 1 degree C. Practically considered, there 
would be considerable difference Letween these steels 
as to their actual behavior on quenching in regard to 
the distortion which would take place, but this small 
difference in cocfiicient of expansion can hardly be 
considered as tiie cause of these differences. On the 
other hand, a tcol-steel product introduced to the 
American trace by the writer’s company many years 
before his connection with the company, is free from 
distortion in hardening and in volume change after 
hardening and tempering; it displays a normal ex- 
pansion upon heating, not differing in any way from 
that of plain carbon tool steel. {t shows a greatly in- 
creasing rate of dilation upon heating up to Ac,, but 
then undergoes the usual marked contraction until 
decalescence is complete, followed by a new dila- 
tion at a greater rate than that below Ac,, which 
agrees perfectly with Le Chatelier’s observations 
upon the behavior of carbon stecis referred to pre- 
viously by the writer. The fact that this product 
holds its shape more nearly than any other tool-steel 
product and undergoes almost no volume change 
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when properly hardened, peculiarly adapts it to a 
wide variety of uses in the toolroom and shop. That 
it met a pressing need is further shown by the fact that 
a steel of this type is now made by nearly every manu- 
facturer of tool steel. As the writer was not connected 
with the original development of this product he may 
be pardoned if he expresses an opinion that its prop- 
ertics ure of tiifercst second only in importance to the 
invention of high-speed steel. 


The low-carbon chromium-nickel steels undergo 
normal expansion cn heating, yet in one instance fairly 
large and intvicute gears for airplane use were made 
from this type oi steel. They were so well handied, 
in the hardenirgy and subsequent treatment, that they 
showed no warpage or distortion and required no 
straightening or: grinding after the heat treatment. 
This result was due to the skill of the operator, as 
the gears were not hardened in dies or with a gear- 
hardening machine. As they were for airplane use, 
they were very ght and of a construction very apt to 
cause trouble unless the greatest care was exercised 
in the treatment. This again illustrates the fact that 
the coefficient of expansion, in itself, is not a primary 
cause of distortion in heat treatment, although, in 
general, hardcning from a temperature just about 
that at whicn the maximum contraction takes place at 
decalescence would tend to improve the final results 
of hardening so far as distortion is concerned; this 
practice 1s now t:) use in some progressive plants where 
the end of decaicscence is directly determined from 
pieces in the furnace rather than by relying upon the 
reading of the pyrometer located at a more or less 
remote spot ii the turnace. 


Blast Furnace and Hot Stove Refractories 


Recent Developments in Refractories With Special Reference to 
Methods of Study Applied to Blast Furnace Practice—Factors 
Controlling the Quality of Fuirebrick. 

By RAYMOND M. HOWE. 


OME time ago, a prominent engineer asked a 
S representative of the firebrick industry to prepare a 

comprehensive paper on blast furnace refractories. 
It was to have been the purpose of this paper to 
gather practical experiences from widely different 
sources, in the hope of determ'ning what kind or 
kinds of firebrick were best adapted for certain uses. 
This engineer sent. questionnaires to the large con- 
sumers of blast furnace linings and stovebrick and 
received very detailed replies as to their experiences. 


The author who is Senior Fellow on Industrial Fellowship 
of the Refractories Manufacturers Association, Mellon Insti- 
tute of Industrial Research, read this paper before the last 
Chicago meeting of the American Institute of Mining and 
Metallurgical Engineers. 
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These replies are conflicting, but, having been turned 
over to the writer, form the basis of this attempt :to 
meet the request. Because of the impossibility of 
making final recommendations at this time, a few of 
the more interesting and commonly known methods 
of studying refractories are also discussed, as well as 
the more recent developments in this field. 


The first reply to the questionnaire stated that 
good service was being secured from the linings. This 
satisfactory condition was attributed to the use of a 
very good distributor. The writer believed that 
manufacturers try to and do produce a good product 
and that the proper handling of equipment is of the 
utmost importance, if good results are to be secured. 


188 


The type of bricks used was not mentioned. The 
second reply stated that good life was secured from 
the furnace linings, but that the writer had had soft- 
fired stovebrick crumble and, for that reason, pre- 
ferred a hard-fired product for use in this position. 
The type of bricks used was not mentioned. The 
third reply stated that firebrick had crumbled from 
the mantle up; the cause was not known. The fourth 
reply stated that the stove linings were satisfactory. 
Hand-made furnace linings failed after four years’ 
service so a steam-pressed lining was installed which 
was still good after four years of service. Conse- 
quentiy, a second steam-pressed lining was installed 
but this disintegrated at the top after the furnace had 
been in blast seven months. The firebrick: manu- 
facturer attributed this failure to the expansion of iron 
blocks that had been installed at che stock line to pre- 
vent erosion. 

The fifth reply stated that the present “hard- 
burned” hand-made furnace lining had worn away 
very uniformly to the depth of only 5 inches after 
1,042,000 tons of pig had been produced. It strongly 
advocated the use of only the best clay in laying up 
linings. No stove trouble had been encountered. The 
sixth reply stated that the writer had secured 16 and 
17 yezrs of service from two sets of stoves. At the 
end ot 17 years, one was torn down because of the 
poor condition of the shell but the checker work was 
still good. He was forced to reline the combustion 
chamber from time to time, but hoped to avoid this 
by washing the gas. He preferred steam-pressed lin- 
ings to the hand-made, “as the joints are smaller and 
scaffolds do not get a hold as easily as on the more 
open joints.” 

The seventh reply was more comprehensive and 
instructive. This writer stated that a number of 
operating and construction factors beside the physical 
and chemical nature of the linings themselves affect 
the life and performance of furnace linings. The 
most important of these are: Furnace lines, volume 
of air blown, diameter and lengths of tuyeres, stock 
line protection, arrangement of gas outlets at furnace 
top, stock distribution, chemical and physical nature 
of raw materials, continuity of operation, judgment, 
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He said, “The Brown top on No. 3 furnace dur- 
ing the first three blasts had the original Brown 
elliptic distributing spout, which had the effect of 
constantly pitching the stick, so that it was crowded 
toward the side of the furnace opposite the skip. At 
the beginning of the fourth blast, the spout was 
changed to one of V shape, which prevented pitching 
and cffected a wonderful improvement in distribu- 
tion.” He never had brick made to specification but 
desired a well-burned brick, as pure as possible, made 
from the proper grinds and mixes to give the neces- 
sary physical strength He prefers a hand-made stove 
brick to the steam-pressed product the latter gives up 
the heart more rapidly His preference is due to the 
fact that his one trial of steam-pressed bricks involved 
a brick that was too dense, so that spalling occurred. 


The eighth reply stated that the user had used the 
hand-inade and the steam-pressed products of one com- 
pany, but favored the hand-made, although he had 
never had any blast furnace lining failures other than 
the usual erosion. The stove linings had given sat- 
isfaction. Tests that had been made on firebrick were 
also submitted; these are given in Table 1. The ninth 
reply said the distribution of the stock is the factor 
that controls the life of a furnace lining, stating “‘had 
the same success been achieved toward better blast- 
furnace tops and proper lines, as las been reached by 
the refractory brick manufacturers, there would be 
less suid about poor brick “He stated that his com- 
pany had increased the tonnage secured from three 
furnaces by changing lines, but were still having 
trouble with the linings of the fourth, due to no fault 
of the refractories. ma 

These nine replies, which represented the opinions 
of those who used enormous quantities of blast-fur- 
nace linings and stove brick, were very encouraigng 
to the manufacturers of refractory materials, who had 
felt at times that perhaps that industry was not meet- 
ing the ever-increasing demands being made upon it 
as higher temperatures are employed. It is interesting 
to noie that four companies secured good service from 
their furnace linings but gave no reason; one com- 
pany attributed its success to the distributor being 
used; another had figures to show how the tonnage 


knowledge and care by furnace operators. The fol- secured from each of three furnaces had been increased 
lowing data were also given: over 100 per cent. by bettering furnace lines and 
Fur- Blast Daysin Days Kind of contrel. One reply was less complete but was of the 
nace No. Blast Operated Tonnage Brick in Lining same context. The failures are difficult to explain 
2 1 7 744 282 394 Hand-made : ; 
2 2 870 870 336,641 Wandsmade for the crumbling of a top could have been due to one 
2 3 972 972 330,900 Hand-made of three causes, the last of which 1s improbable because 
; ; oe cake ays ee of the conditions under which the furnace operates: 
3 2 950 950 365,626 Handmade The action of furnace gases or carbon; the crushing 
3 3 978 Mt 351,685 Hand-made of the bricks; or the loss of bond after repeated heat- 
7 ' | wat 1,235 aie Ste pies ing and cooling. The influence of furnace gases was 
4 2 1,664 1,657 823,238 Hand:made recently shown very forcibly when iron was removed 
Blast Hearth Bosh Bosh Angle Stock Line Bell Number of Kind 
Furnace No. t. In. Ft. In. Deg. Min. Ft. In. Ft. In. Tuyeres of top 
2 1 12 6 19 6 72 0 13 6 9 0 12 Handfill 
2 2 12 6 20 0 71 20 13 6 9 0 12 Handfill 
2 3 12 6 19 6 76 0 13 6 9 0 12 Handnfll 
2 4 13 6 20 0 74 51 13 6 10 0 12 Handfill 
3 1 13 3 20 6 73 18 14 3 10 0 12 Brown 
3 2 13 3 20 6 73 18 ]4 3 10 0 12 Brown 
3 3 13 3 20 6 75 0 14 3 10 0 12 Brown 
3 4 14 6 21 0 75 25 15 0 10 0 12 Brown 
4 1 15 —~0 22 0 75 0 16 0 1] 0 12 Neeland 
4 2 16 0 22 0 76 30 16 0 11 9 12 Neeland 
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Table 1—Properties of Firebrick. 
——Chemical Analysis 


Loss 
on igni- SiOs, Fe:Os, Al:Os, CaO, MgO, 
Kind tion per per per per per per 
of brick cent cent cent cent cent cent 
1 ,Top 0.00 52.84 3.95 41.34 0.12 0.21 
2 Top 0.07 54.44 2.53 40.01 0.18 0.53 
3. Inwall 008 50.20 3.28 43.14 0.25 0 38 
4 . & B. 0.07 50.57 3.87 42.73 0.25 0.324 
5 Inwall 0.00 52.36 3.25 42.65 0.09 0.19 
6 H.&B 0.02 59.83 3.34 34.82 0.15 0 34 
7 Top 0.02 64.01 3.08 30.61 0.12 0.36 
8 Inwa!] 0.04 53.28 3.51 41.00 0.12 0 28 
9 H.&B 0.02 53.34 3.51 41.18 0.12 0.26 
10 Top 0.00 57 62 3.69 37.62 0.15 0.16 
11 Inwall 0.01 56.07 3.32 39.00 0.12 0.18 
12 H&B 0.15 §3.19 3.34 40.91 0.56 0 26 
13 H&B 0.14 49 66 2 45.6 0.31 0.47 
14 H.&B 0.21 56.30 3.75 37.21 0.37 0.35 


Furnace Tests — 
Average Temp. Average 


Maxi- Expansion permanent 
Time, mum‘Temp., inper — elongation 


Deg. F. Hr. Deg. F. linear feet per Yin. 
1 2960 4 3011 0.052 0.007 
2 3016 24 3157 0.042 0.021 
3 29€0 4 3011 0.042 0.0CO 
4 2625 3 2983 0.042 0.042 
5 hes sat <CCO 0.075 sans 
6 aii 3CCO 0.064 
7 En 3CCO 0.084 
8 ~ 3C00 0.073 
9 ; 3CCO 0.064 
10 es 2005 U.006 
11 at 3CCO 0.064 isa 
12 2925 3 2983 0 C83 0.017 
13 bas 2905 0.136 See 
14 2983 3 3C45 0.034 0.070 


from optical-glass pots by chlorine or certain of its 
compounds. ‘[hese pots lost all of their bond and fell 
into pieces. The ninth company secured such vary- 
ing results from different bricks that it would be use- 
less to attempt any explanation. 


The service secured from stove brick appeared to 
be satisfactory in but two cases: one where the hand- 
made brick were supposed:y underfired and the other 
wher the steam pressed brick were too dense. For 
the time being these explanations will be accepted. 


The writer then visited different plants and learned 
other facts concerning failures and successes, al of 
which tend to show that the opinions of operators as 
well as manufacturers vary. In one case, a record 
furnace lining had been installed with no littie con- 
cern, because it was so exceptionaliy hard-burned. As 
the lining was need‘essly repaired, for the first time, 
after 1,042,000 tons of pig-iron hail been produced, this 
leads one to believe that manufacturers should have 
no future trouble in disposing of extremely well- 
burned linings at that plant. 


The stove service at the same plant was extremely 
good, and was attributed to the method of burning 
gas. Sufficient air was introduced to burn all the 
gas in the lower combustion chamber, while other 
operators allow the gas to burn in the upper com- 
-bustion chamber and checkers. By fol!owing the 
‘latter practice, the dust separated out in the rela- 
‘tively cool zone at the bottom of the chamber and, 
not. being fused, was easily removed. Here are two 
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Physical Tests—_————————— 


Abrasion 10 


Crushing Lb. for 10 Min. 
K:O, strength lb. Specific Porosity applied to end 
per per Sq. gravity percentby Wt., Cu. 
cent In.side True App. voltume Gr. In. 
1.54 oe 2.40 2.06 14.8 31 0.C€0 
2.24 5698 2.34 2.03 12.93 62 0.120 


2.37 3910 2 28 2.00 12 29 38 0.075 
2.17 alos 2.09 1.68 14.02 CO 0.180 


1.46 32L0 2.35 2.00 14.09 18 0.036 
1.20 3468 2.58 2.07 12.92 252 0.480 
1.€0 3oC6 232 2.01 13.c2 25 0.049 
1.77 3750 2.33 2.04 12.71 185 0.360 
1.57 2711 2.39 1.97 17.54 74 0.150 
0.76 53€0 248 2:12 14.57 19 0.035 
1.20 £248 2.43 2.10 13 30 £8 0.072 
1.59 5923 V yA 2.01 19.97 73 0.140 
1.10 5110 2.46 2.11 13.9] 518 0.97 

1.81 42:0 2.48 2.07 16.42 265 0.57 


— Remarks ———————— eo 


Surface Titting due 
fusion Cracking to iron oxide 
Medium Very slight Slight 
Slignt Very shght 
Slight None 
None None Very slight 
Very slight None Slight 
None 
Medium None Slight 
Medium Sligkt Slight 
Slight Few and small None 
Slight Many small cracks Badly pitted 
Very slight None Very slight 
None None Shght 
Very slight None Very little 
Slight Very little None 


distinct practices. In their adoption it is necessary to 
consider whether the removal of the dust as dust, or 
longer service in the top courses of the stoves, is 
more desirable, for both conditions can hardy ex- 
ist. At another plant, spalling constantly occurred. 
The brick proved to be a high-grade soft-clay prod- 
uct. The writer believes that the introduction of 
grog cr flint ciay into such bricks, when used in the 
combustion chamber and the top courses of check- 
ers, would decrease the spalling. The fol!owing fig- 
ures show the effect of the addition of small amounts 
of flint clay to plastic, the same kind of plastic clay 
and flint clay being used in each brick. 


Exper:mental Data Showing Relative Resistance to Spalling+ 
100% Plas- 90% Plas- 80% Plas- 70% Plas- @% Plas- 


tic Clay tic Clay tic Clay tic Clay tic Clay 
10% Flint 20% Flint 30% Flint 40% Flint 
3. Ci; 4 3f 6 22 


tReiative resistance to spalling. frratic result. 


At another p'ant furnaces were operating which 
had given the following tonnages: 727,330; 467,385 ; 
714,114; 937,359; 391,669; 5C6.403; 669,740; 699,300. 
The superintendent attributed his success to the fact 
that he used cooling plates so freciy that he was often 
criticized. By so doing he secured uniform wear at 
the bosh rather than the uneven wear resulting from 
alternate hot and cold spots. 


Four cases of brick disintegration were mentioned 
at different plants. In one case the failure occured 
about 30 years ago in one of the old-type furnaces 
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In the second case, trouble began to occur in a very 
short time wiin the furnace using a high-barium high- 
sulphur ore, and complete failure resulted in a month. 
In a third case, a furnace was blown out and appeared 
to be in good condition; it developed, however, upon 
folowing a crack, that the inner 5 in. (12.7cm.) of 
lining were good, but that the back portions could 
be crumbled in the hand. In the fourth case the 
13% in (34cem.) brick, upon reimecval, were found to 
be split into from four to eight sections. This case 
is entire:y different from the “othe ors, for those bricks 
crumbied into a thousand pieces, while these cracked 
into several picces, cach of which was strong. At 
another p:ant, extreme variations were noticed in a 
lining that was being installed, for the large blocks 
varied as much as 1 in. (2.5 cm.) in length and were 
warped in many cases. Two operators who had 
experience with such blocks thought that unless the 
blocks cou'd be made with more uniformity they 
would revert to the smaller brick for furnace bottoms, 
although theoretically the larger biocks—because of 
the fewer joints—are better. 
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Fig. 1—Porosity of ground fircclay pieces when burned at 
different temperatures. A, open-burning flint clay; B, 
dense-burning f.int clay; C, high-grade dense-burning 
plast:c clay; D, high-grade open-burning plastic clay; E, 
low-grade dense-burning plastic clay. 


Judging by the success of one plant, which more 
than coubled its tonnage from cach lining, requiring 
less than twice the time to secure such tonnage, it 
appears as if there is a reason, other than the linings, 
why erratic results are secured in other piaces. This 
increased production was also one of gradual develop- 
ment, which excludes the element of chance. How- 
ever, in order to secure more uniform resuits, it is 
esseutial that the furnace operato- have uniform ma- 
teria's with which to begin. Having such, it is more 
possible to begin real constructive work. It is not the 
purpose of this paper to tell the steel manufacturers 
their mistakes or how to control their furnace prac- 
tice, sc it will be restricted to showing what the re- 
fractories manufacturers are doing to improve their 
product and make it as uniform as possib'e. By fol- 
lowing such methods, on both sides, it is quite pos- 
sible that answers from a questionnaire circulated 10 
years from now wouid be free from contradictory 
statenients and might give sufficient information to 
inake it possible to explain successes and failures 
in this field. 


The manufacturers of firebrick have shown their 
desire to produce better products from the available 
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raw materials through the action of the Refactories 
Mlanufacturers’ Association. This association is 
spending annually a considerable sum of money at 
the Mellon Institute of Industrial Research in sup- 
porting a staff of ceramic engineers and chemists, 
whic has increased in number from one to five in 
less than two years. All of these men devote their 
full time to the study and improvement of refractory 
products. In addition, this assoctation has cooperated 
with the Gas Institute for several years in trying to 
meet the demands of its members. It has also col- 
laborated with the Bureau of Standards, the Bureau 
of Mines, and the Aimcrican Society for Testing Ma- 
terials in the deve‘opment of such tests as will de- 
termine the most desirable products for their differ- 
ent uscs. 


Factors Controlling the Quality of Firebrick 

The more important factors that inHuence the 
quality of a firebrick may be conveitently divided into 
seven groups. The clay is mined by underground or 
surface methods and is given a preliminary sorting 
at the mine or quarry. It is then transported to the 
p-ant, where it is again sorted as the larger pieces 
are crushed. After crushing to such size as may be 
handied by the grinding machinery, the clays are 
cither ground separately and then mixed, or they 
are mixed and then ground. Both the dry and wet 
grinding practices are followed. \Vater is added dur- 
ing the grinding and mixing, the amount depending 
on the process of manufacturer. Then the shaping 
process folows in which the mix is worked by hand, 
in a dry press, through a die by different sources ot 
pressure, or in a soft mud machine. After being 
shaped, the “green” ware is dried in tunnel driers or 
on hot floors until it 1s ready to be set in the kiln, 
burned, sorted and shipped. The seven steps in the 
manufacture of firebrick that may affect its qualits 
or appearance, and which are being studied by differ- 
ent frims, are as follows: Muning and sorting of clay, 
grinding, proportioning, tempering, shaping, drying, 
burning. 3 
Mining and Sorting of Clay : 

In order to mine and sort clays on a scientific 
basis, it is necessary to study each vein from the top 
to the bottom. This is particularly true of plastic 
clay, which sometimes shows variations in its differ- 
ent layers; yet when these are known they may be 
located by their co:or and structure. Accordingly, 
the practice of sampling clay is gradually increasing. 
sampics being either taken from the operation from 
day tu day or from drill cores obtained years before- 
the clay is used. As a result of such studies, the re- 
fractoriness of some brands has been increased by 
100° F., white in other cases ciay that was not being 
mined, because of a peculiar color or structure, has 
proved to be superior to the run-of-mine product. 
These statements are not meant to imply that all plas- 
tic clays vary or that all plastic clays are carefully 
picked ; some plastic clays are remarkably uniform and 
hence offer no problem, in others, a poor spot may 
occur in the center of the vein and cannot be entirely 
removed. Under such conditions the clay can only 
be carefully mixed into a uniform blend of slightly 
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lower refractor... .s, thus avoiding a particularly bad 
lot. I*usion tests generally give sufficient information 
as to the unifornuty of a deposit. There are times, 
however, when a particularly siliceous or aluminous 
brick is desired and this necessitates chemical analy- 
Ses. 

Grinding 

The influence of grinding on the product is rather 

well known; in general, the finer grinds result in the 
production of a dense firebrick while the coarser 
grinds produce one that is more open and porous. 
However, as in the case of concrete, the strongest 
block is not secured from the sand nor from the 
gravel, but by having the proper proportions of the 
different sized material. Fortunately, flint clay or 
grog assumes different sizes in grinding and a suitable 
lend is secured without great difficulty. As a pre- 
caution, however, some plants screen their grog to 
different sizes before incorporating it into the mix. 
The eftect of grinding is also modified in the process 
of manufacture, 


Proportioning Me, 

Proportioning is a prob'em that cach plant must 
work out for itself as cach plastic clay varies, in that 
some will bind considerable grog or flint clay, while 
others will not. Some ptastic clays are very nearly 
as refractory as the matcrials they bind, while others 
are of lower refractoriness. Obviously, the permuis- 
sible amounts of two such clays would not be the 
same. Another probiem that confronts only the pro- 
ducer lies in the relative amounts of plastic flint clay 
and grog that are available, for he must proportion 
them in such a way that the maximum return is se- 
cured, uniess he supplies some one particular trade for 
which a certain definite type of firebrick is required. 

Notwithstanding the fact that 100 per cent. flint- 
ciay bricks are sometimes made, the strength of a 
brick varies directly with the bonding clay, for the 
strength of all-flint bricks may be increased by the 
addition of plastic clay. A direct application of this 
principle lics in the manufacture of blast-furnace 
bricks, where the refractory requirements diminish 
and the strength requirements increase from the 
hearth to the top. 


* 


Tempering 

The characteristics of a firebrick depend very 
largely on the amount of water used in its manufac- 
turc. The full plasticity of a clay is not developed un- 
less sufficicnt water is added, and, conversely, the 
plasticity may be decreased by diminishing the amount 


Per Cent Water Modulus of Rupture of Porosity of 


by Weight Burned Piece Lurned Piece 
7.5 2491 24.0 
90 C019 20.3 
10.0 4020 20.6 
Another mixture of the same clays. 
7.5 1891 23:35 
9.0 £675 21.45 
10.0 4670 21.50 


of water used in its tempering. The proper amount of 
water that should be used in making the most dense or 
most porous brick varies not only with each individual 
mix but with each process of manufacture. The 
above figures, selected from several sets of data, il- 


Google 


The Blast Furnace 


in establishing his burning practice, 
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lustrate clearly how, in general, the strength of each 
mix increases with the amount of water until a limit 
is reached, after which the further addition of water 
results in a slight falling off in mechanical strength. 
Shaping 

Kegarding this step, from the standpoint of fire- 
brick structures only, the most dense product should 
result from clays worked at stiff mud consistency, pro- 
viding the necessary pressure is applied. Furthermore, 
a dry-pressed or hand-made brick must be fired to a 
higher temperature in order to secure the same effect. 
By the same reasoning, one would hardly choose the 
stiff-mud process for making an open firebrick. 
Drying 

Aithough this part of firebrick manufacture is a 
study in itself, it 1s of no particular interest to the con- 
sumer. It is true that cracks sometimes develop dur- 
ing the drying of large shapes, and these are often ob- 
jectionable. It is also true that the co‘or of firebrick 
is influenced by the water that remains in the brick 
as they are placed in the kiln, for the combination of 
sulphur from the coal and steam tend to bring the iron 
to the surface, giving rise to a pink discoloration. Ad- 
vantage is taken of this fact in some localities, where 
it is necessary to set facebrick when they are quite 
“erecu,” to obtain a sufficiently deep cotor. Tests have 
shown, however, that the pink-colored firebrick are 
often of the same refractoriness as the lighter products 
made from the same clays, although this color may be 
an indication of excessive impurities. 
Burning 

Burning is of prime importance to the consumer, 
who sometimes prefers a light-burned product, while in 
other instances he wishes one of a very hard burn. The 
writer does not feel that rute-of-thumb reasoning 
should be applied to this requirement and subnyts the 


‘curves given in lig. 1 to show the effect of heat on 


different flint and p‘astic clays. To the manufacturer 
such curves are important in that they show which 
clays can be most successfully used in making dense 
or open firebrick for different purposes; and, while they 
cannot be expected to be made availab‘e to the differ- 
ent consumers, they do indicate what can be expected 
of the trebricks made from such clays when placed in 
service. They also act as a guide to the manufacturer 
for hardly any two 
clays require the same treatment in this respect. 

When it is borne in mind that clays contract as 
their porosity decreases, during burning, the following 
deductions can be quickly and accurately drawn. A 
flint clay that has a burning behavior similar to A 
need not be burned to a very high temperature in order 
to make up a high-grade product. Its volume remains 
practically the same and when the bonding clay is ma- 
ture few, if any benefits are gained by harder burning. 
Such a clay is undoubted'y responsible for the state- 
ment that certain bricks expand in service and hence 
give very good service in roofs. Asa matter of fact, 
they can hardly expand more than usual but they do 
not contract. 


A flint clay of type B, on the other hand, must be 
burned in the kiln to a high temperature if shrinkage 
during service is undesirable. The same statements 
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also hold true in a slightly different way for plastic 
clays. For example, a plastic clay of type C becomes 
dense at a low temperature,and then remains very much 
the sime over a wide range of temperature. Its full 
Strength can be gained and its contradiction removed 
with no difficulty. 

On the other hand, a plastic clay of type E must be 
burned to a higher temperature in order to remove its 
shrinkage, for such a clay continues to contract with 
increasing temperatures until the period of expansion 
resulting from overburning begins. A clay of type D 
is not at all uncommon. These plastic clays always 
retain their open structure and are not adapted to the 
manufacture of dense, abrasion-resisting bricks. Addi- 
tional curves could be shown, but these are sufficient 
to shew that all firebricks cannot, or should not, be 
burned in the same way. They also show how hope- 
less a task it is to apply any one set of clays to all kinds 
of service. 

Installation 

Were it not for the interest that the manufacturer of 
refractories must keep in his product until it is torn 
out, a success or failure, his responsibility would cease 
at the plant. It happens, however, that furnace prac- 
tice and conditions vary so tremendously that repeated 
failures forcc him to “see” his product through to the 
end. A good many failures are simp!y accepted as such 
and are not investigated at all, others on.y superficially, 
and others are too complicated for solution. A few 
failures that have come to the writer’s attention, and 
are not the manufacturer’s fault, are briefly described 
here. 

1. A high-grade firebrick fusing at a temperature 
excceding 3,100° F. (1,700° C.) was laid up in a local 
loam that fused in the vicinity of 2,100° F. (1,148° C.). 
Parallel cases concern very cheap unsorted hreclay. 

2. A similar frebrick was laid up with thick joints 
of a y:atent cement intended for another purpose but, 
due to the salesman’s ignorance or overconfidence, was 
tried although it was not sufficientiy refractory (fusion 
point 2,300° F.—1,260° C.) for that purpose. 

_ 3. A firebrick used in a furnace roof gave two 
weeks’ service where six weeks’ service was generally 
secured. Investigation of plant record showed that 
the coa] at that time was extremety high in sulphur and 
afforded a very corrosive ash, which, when deposited 
on the roof, formed a slag that ate the brick. Tests 
made on the good ends of the failure proved the fire- 
brick to be of the usual standard of refractoriness. 

. 4, Lime came into contact with a fireclay brick, 
several of which in the hot zone reached with the lime 
to form a giass. Investigation of the ends proved the 
firebrick to be of the same quality of refractoriness that 
had previously given satisfaction. As there was no 
method for measuring temperature at this plant, the 
natural assumption was that the heat had become ex- 
cessive and caused the usual reaction between fireclay 
and Jime or magnesite. Lime is sometimes added to 
firec:ay in order to secure a firm joint; it is difficult 
to understand why this is done, when manufacturers 
spend thousands of dollars each year to eliminate high- 
lime clays and secure those that.are low in lime and 
other similar fluxes. is 

5. Stove bricks failed, due to a crumbling of the 
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upper courses. The original bricks were of high refrac- 
toriness, but tests showed that a very corrosive dust 
had been deposited which lowered their refractoriness 
from about 3,150° F. to 2,400° F. Undoubtedly this 
dust, as it became heated and cooled or liquid and 
solid, exerted considerable disintegrating force. It is 
quite possible that one of the failures mentioned in the 
questionnaire replies was due to similar conditions. 


6. Checker brick were reported as failures. In- 
vestigation showed that the bricklayer did not like their 
co-or, though fusion tests showed that they were of ex- 
actly the same refractoriness as the ones considered 
satisfuctory. The tests also showed that a slag was 
deposited upon the surface of these bricks, which low- 
cred their softening point of 3,175” F. (1,747° C.) on the 
inside of the brick to 2,540° F. (1,394° C.) on the ex- 
posed surface; also that the brick that had been con- 
demned was more dense and, hence, more resistant to 
slag penetration. 


At numerous plants, fai!ures have occurred when 
sand, ashes, and other forms of insulation have been 
used. It must be remembered that radiation is often 
the one factor that saves a firebrick from quick failure. 
In removing this protection one should proceed with 
care, the factor of safety is being decreased and the 
firebrick is being subjected to more severe conditions, 
which may result in failure. 

On the other hand, roofs sometimes “creep” or sag 
when made of inferior material that has been too lightly 
burned. Excessive erosion occurs when a firebrick is 
not sufficiently strong mechanically to resist this in- 
fluence. Poorly moided, irregular blocks are also en- 
countercd. 


It is very rare that a brick melts out unless it is 
cont.minated with furnace dust or slag. Many experi- 
ences like the preceding could be mentioned were it 
necessary, but the one important lesson they teach is 
that they are costly and do not always give definite 
information. In order to avoid needless repetition, the 
manufacturer must know what kind of a product he is 
producing and the consumer must be thoroughly fa- 
miliar with his working conditions. The manufacturer 
is trying to do his part and the consumer must do the 
same, for he will benefit the most. He must insist on 
the construction of furnaces according to blueprints and 
on tne careful selection of mortar. He should also 
know what kind of brick are being installed, not only 
as to brand but as to burn, process of manufacture, 
and general characteristics. He should also be able 
to shew temperature and tonnage records for differ- 
ent furnaces and the nature of the fuel or slag, or 
both, that will be in contact with the firebrick. 


If better records are kept and the causes of failure 
are noted, there is no reason why many customers 
cannot secure the 100 per cent. better service secured 
at the one plant previously mentioned. 

The manufacturer of firebrick, on the other hand, 
will be better able to make a product that is best 
suited for each installation or to state that his prod- 
uct does not meet the necessary requirements. If re- 
peated failures occur at some plants, all parties con- 
cerned will be in a better position to know the cause 
or causes, 
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Solving Blast Furnace Flue Dust Problem 


Explanation of Various Factors aceang Into Flue Dust Problem. 
Data on Comparative Blast Furnace Practice. Interesting Sugges- 
tions for Changing Blast Furnace Design to Reduce Flue Dust Loss 


By R. W. H. ATCHERSON, 
Blast Furnace Superintendent, Inland Steel Company. 


LAST FURNACE flue dust is one of the most 

troublesome operating factors in the iron and steel 

industry. It is usually involved in all the unpleas- 
ant plases of blast-furnace operations. it adds to our 
aggravations until we are willing to spend large sums 
of money to keep it out of our stoves and boilers and 
more money t» handle it again and again on one 
scheme or another to induce the furnaces to retain 
it without bad after effects. 


Several successful operators claim that it is use- 
less to recharge raw flue dust because the furnace 
would never have blown it out if it had been suitable 
material for blast-furnace consumption. Most of us 
who have made persistent efforts to return raw flue dust 
to the furnaces have 
decided that it is 
very often false 
economy to do so. 
Yet some remarkable 
results have been at- 
‘tained at the Ohio 
Works of the Carne- 


Table 1—Influence of Coke Hardness on Flue-dust Production. | 


esepeaeeoeeeneve 


Physical quality of coke...... eee 


Average coking CHING? Seti ots cece 
Pounds flue dust produced per ton pig iron. . 301.9 152.5 
Average daily tonnage of pig iron produced... 537.6 532.5 
Lbs. material consumed per ton pig iron produced: . 


ee ates 18 hr. 51 min. 20 hr. 59 min. 


is still out of all proportion ‘to any physical changes 
in our ores and has never been as low as in some fur- 
naces that are being driven at about the same raté of 
pig-iron production, - ° ...- |. oe \ 


Factors Affecting Flue-dust Production S & 
Every raw material charged into the furnace and 
every, piece of ‘equipment emp:oyed in its ‘operation 
affects the amount of dust carried over by the gas in 
proportion to its influence on the smooth, regular 
descent of the charge column and on the chemical 
reactions that must take place in the blast furnace. 
When Mesaba ores were first introduced, the fre- 
quency of blast furnace slipping and rolling caused very 
high losses in furnace yields; but a gradual development 
’ of furnace lines and 
2quipment and a bet- 
ter understanding of 
how furnaces using 
these ores should be 
charged and blown, 
have greatly reduced 


—a — 


Softand Appreciably 
Open __ Stronger 


Coke eect eee 20820 2,030.0 flue-dust production. 
gie Steel Co. through Ore, scale, and sinter ........ccccececceeees 4,585.0 | 4'532.0 In 1902, the blast 
. recharging raw dust. aa aa SIA wretch bie uale bars aoa a eaten verasmetuagis ; ao ‘ann furnaces of the 

' . MMCSTON Gs fochs doaki nad cantare ae sea aauyee i. 
The p.ant comprises Cu. ft. of air blown, at €0° F. per minute...... 439490 . 44,2140 United States Steel 
six modern blast fur- Cu. ft. of air blown, at €0° F.. per pound of coke 570 $8.2 Corporation used 
naces. Up to 1909, ee temperature oe Fecaates eae aa ee 43.8 per cent Mesaba 
ast pressure, pounds per square inch........ 18. 18 . : : 
about 300,000 tons of Gas temperature, degrees F..............00 cee 3069.0 3350 in their ore mixtures 
flue dust had accum- a pressure, inches or way Wetaneentad seus 30.6 34.0 and the loss in fur- 
ulated in stock piles. | A¥syase composition of pig iron: oon sos. | nace yield averaged 
During the last 10 Sulphur, per cent ........cceceeceeeceseeeees 0032 0.031 3.6 per cent. During 
years, t here have Hn eeaia per Se ee ern oe re rere rg ie the last 10 years, over 
: ang? CEL CON 4 ewuchee De ed theres bu ee os ; ‘ : 

been recharged into Production over 1.25 per cent, silicon......... 0C0 0.C0 80 per cent Mesaba 
these furnaces all of e Production aa oe per cent, sulphur........ 0.CO 0.CO - has been used each 
+ os omrosition of slag: . 

the oe sea ag SliCas per CCNt a5 cule ed ate emee ads 33.43 33.50 eat yer ENE pie 
ered from the tur- Alumina, per cent ........cccececeeeec eens 15 47 16.11 loss for that period 
nace operations, the SUIphure PCr iCent: sd tatewsern et ocena katana 526 1.06 1.02 has been a full per 


entire stock pile of 
Aue dust, and nearly 
80,000 tons of dust shipped from other furnaces of the 
Carnegie Steel Co. 


In common with a great many blast-furnace men, 
we have tried many schemes for reducing the amount 
of dust carried out by the gas and numerous ways of 
recharging it, in both the raw and the sintered state. 
We have operated on inconsiderable percentages of 
Mesaba ore and again have used nothing but Mesaba 
for years at a time. Yet we are still making a great 
deal of flue dust, probably not any more than the 
average blast furnace using fine ores, but the amount 


Paper read before February meeting of the American 
Institute of Mining and Metallurgical Engineers, entitled 
“Blast Furnace Flue Dust.” 


Google 


cent less. In com- 
paring individ ual 
furnaces in the same group or comprising - fur- 
nace groups, however, it cannot be said that any 
true relationship exists between the furnaces using 60 
per cent Mesaba and those using 100 per cent, when 
considering the flue dust produced or the loss in fur- 
nace yields. 

(In the original paper as read before the Institute 
meeting, the author included a table showing the blast 
furnace practice during the vears 1909 to 1919. The 
table is not shown here. It gave the following statistics: 
Total ore consumed; per cent Mesaba ore; tons, flue dust 
used; tons flue dust produced; pounds coke per ton iron: 
iron produced; actual yield, per cent; theoretical yield, 
per cent; per cent furnace loss or gain.) 
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The physical nature of the ores is the primary 
basis of ali ferrous Josses in furnace gas but it is 
rather difficuit to compare the aptitudes of various 
ores to produce flue dust except by actual furnace 
demonstration. Sieve tests furnish a simple means 


TE as” 


. 
e. 
gt) ak 
¢ 
\ rt 
¢ 
~~ 


>) >| 


interning Plates te Extend 
: 120" Belew Clesed Bell 


Fig. 1—Tke author believes that much of the material now 

- carried over by the gas might be retained by a furnace 
with ample gas areas in the furnace top and downcomers. 
The sketch shows the section of a proposed furnace top. 
This top is further illustrated in Pig. 2. - 


for rough comparisons but do not distinguish granu- 
lar, tlocculent, or aqueous conditions. The effect ot 
heat absorption on an orc, when driving off the 
chemically combined water, is far different from that 
when simply drying up or driving off the absorbed 
water. The latter is quiescent, whereas the former 
mizy be said fo be eruptive or analogous to a multitude 
o} infinitesimal explosions, which fairly blow the ore 
tc pieces. Ores ihat rank well on sieve tests may dust 
badly on account of their combined water. These 
actions may be better appreciate] by considering the 
cncormous volume of gas produced by the furnace and 
the quantities of ores reduced during a relatively short 
period of time. Only the filtering action of super- 
imposed ore charges prevent far greater losses. 


The importance of properly grading and thorough- 
ly mixing each grade of ore is readily appreciated 
when we consider how absolutely essential it is to 
keep the physical and chemical balance of the slag 
at ail times as nearly a constant as possible. Occa- 
sionally, we are obliged to use raw materials without 
the guidance of an accurate chemical analysis or with- 
out 2 previous knowledge of the physical structure or 
characteristics. The results on the product and the 
practice of the blast furnace are invariably detri- 
nental. It usuaily takes several days of experiment- 
ing of an empirical nature to bring the furnace back 
to normal action, which is only attained by correcting 
the siag balance. The causes and effects of disturbing 
this balance with the attendant increase in flue-dust 
production are too well known for detailed discussion. 


I believe that much of the opposition to the use 
of fine ores in blast furnaces is superficial and preju- 
dicial. Burdens composed entirely of fine ores are be- 
ing very successfully handled by furnaces built on 
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lines as developed today. Tigh flue-dust production, 
where prevalent with high percentages of fine ores in 
the burden, is frequently due to an improper mixing 
or sizing of the ores. Where no thorough effort is 
madc to counteract the natural segregation of lumps 
and fines at each rehandling from the mines to the 
furnace, there aie bound to exist in the blast furnaces 
Strata of ore o! a finer consistency than contizious 
layers. The obvious requirements of these finer and 
denscr layers is an augmented gas pressure, sufficient 
to ferce through the denser layer. This action is 
rathe: more violent than would be the normal flow of 
gas and is attended by a greater disturbance of the 
stock, resulting in a larger production of dust than 
would follow the passage of the gas through the more 
open layers of ore. As a means of limiting the se- 
gregation of the flues into layers in the furnace, the 
method of charging is of incalculab!e value as a cor- 
rective feature but is not sufficiently thorough to 
counteract indifferent handling at the mines and 
docks. The intimate mixture of cach ore into a uni- 
form material physically also brings about a much 
desired chemical equality. 


We acknowledge the existence, from a practical 
operating standpoint, of an irreducible minimum of 


- flae-dust production for each grade of raw material 


with a given rate of furnace travel but, especially in 
the case of granular flue dust, we believe that much 
of the material now carried over by the gas might be 
retained by a furnace with ample fas areas in the fur- 


Fig. 2—The author feels that there is no justification for the 
high gas risers on modern furnaces ard cuggests a trial 
of the construction as shown above. The loading. trans- 
porting and unloading of hot flue dust has caused so 
many serious accidents, is such an expense and makes 
it so nearly impossible to keep a furnace plant c'ean 
that even the mat‘rial deposit-d in primary duct catchers 
should be s'uiced continuously from the catcher direct 
to the settling basin as shown in the above illus- 
tration. 


nace top and downcomers, as shown in Figs. 1 and 2. 

From any view point, coke is the very life b!ood 
on which the whole smelting process depends. The 
physical structure of the coke has a very much 
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greater influence on every phase of blast furnace prac- 
tice than has the structure of any of the other materials. 
As indicating the effect of soft coke on flue-dust produc- 
tion, the following comparative statement is given, cover- 
ing two operating | 
periods on the 
same furnace un- 
der apparently 


Table 2—Comparative Blast Furnace Practice. 
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of this nature, itis highly important to exclude from 
comparison with normal blast-furnace practice the 
performance of those furnaces that combine the 
smelting of iron ore and the cupola function of melt- 


: : : Period ue April 1, 1919. 
identical con di- Mark Mfg. Co. Inlund Steel Co, 
tions aside from e oadig oe 
the coking time Total pig tron produced, tons .........seeseceeeeeeceeeees 52.101 205.353 
d Averige daily production of pig fron, tons................ 518 9 Sty.0 
on the by-pro uct ay ee daily produciion of pig tron per 1€0 cu. ft. essen- A8B 
: a UTRNCE “VOTING. scien te ee hewn eS OO HERE pup ty! le 
ovens. While yo cake ee per ton ion produced ies Se ae 1,976 eee 
’ ounds sfore consumed per ton fron produced............ vUL J 
using the soft Pounds Bessemer slig consumed per ton iron produced.. Sj eas 
coke. so much of Pour ds ore consumed per ton fron produced.............. ane 4,Co6 
: 2 : ; Pounds scale consumed per ton fron preduced.............. $1 125 
it was disso.ved Pounds scerap consumed per ton iron produced........... 42 
: Pourds serap produced per ton Iron..... ccc cece ee cee eee 41 WW 
inthefurnace He ove aise pec cuce( per ton ION esa ed ete dawia asec 73 2110 
: ounds sirtered dust consumed per ton tron............-- none 72 
stack that it was Averige ening feet air blown per minute nt GO° F......... 40.88 44.180 
1 verage cubic feet air blown per pvund exnxe at fFO° F.... 49.9 5b. 
found advisable Alr blown per minute adjusted to 56 cu. ft. per Ib. ecoke.. 49."00 41,1‘) 
to decrease the Avernge binst temperature, degrees Fi... .. cc eee eee 4 1.602 
Aver:ge blast pressure, pennds per square inch..........- 10.4 107 
volume an d SUL es of tuveres actually oe througa...... diem oud auc 9 x 124 12 ‘ 
Size of tuveres actually blown through.........-eececeeees 5 in. and G iv. ~ iD. % in. * le iD 
crease the tem- Average gs temperature, degrees, Pacoad Sather a neiaeseoandiens out oi 207 
Average gis pressure fn Inehbes of wrter......... ee cee eee 42 aes 
pera ture of the Avernge per cert of water ndded to cre charged.........-- none 0.9 
blast and to aye ee score no aien of fron prcduced: ai fai 
e e ean per cer @eeescoseavetPeseeveveevpe eae etea evseoeseeeaeds @eeeaoneenee eeese 
charge additional Sulphur, POP CONE 64. ies ieleiad ca eNlel Oe was eS ee ie ore 003 A035 
: ; PHOSPHOFUS, POP CONE 66k vein hese cow ee NE Wee ELS Ree ee 019 0.297 
coke Ww h 1 le it 5 Margarese, ae rent - Pas tees yee Oe ee et ee Te 1.09 "03 
rervge composition of sla reduced: 
was also neces- Stipa, Dae neti a ngetied as a a ea: oats aes A405 B27. % 
2 Alumina, per COnt ...ccc cree cece e teens ue tea Sia ais 3405 a 
sary to usc oe ro per cent ..... ere eee ey ee ee ee er ee oe 410 
1 > MEO, NOT CONE cc coin tok coe hes ah a NEN aie eect RES 10 3.05 
eral times the Sulphur, per cent 2... cc ccc ccccc cree css cc asses esecacvenecs pot 3.42 
normal number FeO, per cont. w.ccccscceees inane cree aie ene erm 038 eal 
. MnO. Per COPE ca cancccrecvecceb eee te cree ad iebereemeeennre Oo1 1.97 
of scourin & Ter cert at nie ran over en" ner cent aie aca ata ai 2.34 Not rec en 
Per cent cf pig fron over 1.25 nor cent allicon........---+: a3 Not recorde 
charges of Besse- Per cer ie between 0.75 and 1.25 silicon and not over oe a 
‘ OE SWPP owe ec cecc eres acme rete e rc erereeerresens Not recorde ret 
mer slag to keep Method of charging: Lie nen 
the furnace Damp laree Welt ssi hiss SosievisSetieuaaes sive ew deer eas i te oe os ray Ae aan ne 1709 
working smooth- [ [Stone .rsseceetoees 1,00 | ctone oe. eeee eee ne) 
ly. The results Dump large bell .....eeeeeeees herinawencheuntenertsd { fOr oF 100 
r both Escentio] working volume: 
shown fo Taiett frem tiuveres to 6 ft. below hell........ ee eens g3 #1 ft 9 tn, co ft. A In 
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the improved re- 
sults shown in the 
following state- 
ment, except the rate of flue-dust production which in- 
creascd as the furnace traveled faster in spite of the 
furnace working very smoothly. Not a pound of scrap 
of any description was consumed by the furnace dur- 
ing any of these three periods. In any consideration 
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*Stcck Hne pretection plates will be extended to 12 fret below bell. 


ing scrap. Variable limestone causes irregular operations 
on a few furnaces but so much high-grade fluxing 
stone 1s available at a moderate price that this trouble 
is usually rectified. 


The question of the most suitable lines for our 
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Pounds flue dust produced per ton pig iron......... 196.9 
Average daily tonnage of pig iron produced........ 601.9 
Pounds material consunied per ton pig iron produced: 
COG. sites teenies toe teen acts cw aon be inion uk earned oats 1,876.0 
Ore, scale, and Sinter ............ccceeccceccccvees 4,291.0 
BeSsSCiier isla. va cictsce pu caves ec cnneicacanesi neem 21.0 
PATE SONG: erred 4 badd aia anand % ton le hod weg niee axa yates 819.0 
Cubic feet of air blown per minute at €0° F........ 45,208.0 
Cubic feet of air blown per pound of coke at 60° F. 56.5 
Blast temperature, degrees F.............cccececeee 1,186.0 
Blast pressure, pounds per square inch............. 19.7 
Gas temperature, degrees F................000 0000 301.0 
Gas pressure, inches of water ...........cccccceveee 32.7 
Average composition of pig iron: 
DIICOM,. “DEE -CONL saarias breil tay outa Siam ey ee 2 1.05 
UNIT. Per “CONl: vasensdes s3 bow peeled diem acinn at 0.022 
Prosphorus, per cent ..........ceccccccccccceeee 0.145 
Manganese, per cent ......... 0. cece cece ccc ceeeece 1.64 
Production over 1.25 per cent silicon.............. 7.10 
Production over C.05 per cent sulphur............ none 
Composition of slag: 
SICA.APEb CCNt cing cage ato Neos oi deutch als 32 '0 
Alumina, per cent ..... 0... cece ccc cece ccc cceecee 18.75 
Sulphur, (per Gente 42053 serach ss 2h ska wank ees 1.18 


present blast-furnace practice has been discussed so 
often that I will simp!y give the general dimensions 
and results obtained on two furnaces built on about 
what is now generally conceded to be acceptable lines. 
The only contrast in operating results is in the re- 
markab.y small amount of flue dust produced by the 
Mark Manufacturing Co. furnace. The superintend- 
ent, Mr. Arthur Baer, gives nearty all the credit to the 
uniform volume of air supplied by a turbo-blower. 
The reciprocating engines, for the Inland Steel Co. fur- 
nace shown, usually run about 116 r.p.m. The pu!sa- 
tions of the engine strokes can be entirely neg'ected 
after the ‘ong tostuous course of the blast through the 
long ccld blasi mains, large hot biast stoves, hot blast 
main and bustle pipe. Most blast-furnace men agree 
with Mr. Baer that his turbo-blower gives some ad- 
vantages in compensating for atmospheric changes but 
the dominant effectives in his low dust production are 
raw materials, furnace lines, and operating methods. 
This contention is strengthened by the fact that num- 
erous other turbo-b:own furnaces show considerably 
higher losses. 


The important consideration is not the type of 
b-ower but rather the variation in air delivery from 
one minute to another that causes irregular move- 
ment of the stock, with consequent high flue-dust pro- 
duction. This variation of reciprocating engines is 
especially noticeab:e at some of the piants where 
the blast-furnace and rolling mill steam lines are con- 
nected. The stcem pressure will vary 25 or 30 Ibs. 
within a few minutes and no governor on reciprocating 
engines will govern within two to three revolutions 
of a given point under varying steam pressure. We 
will grant tia: it is difficult to build a governor to 
answer the requirements of blowing engines but, at 
the scme time, tiiere has been absolutely no improve- 
ment in this line for the past 20 years. The govern- 
ing of turbines has been highly developed to keep step 
with the exact requirements of electrical generation 
development. It was a simple step to adapt this gov- 
ernor to a turbo-b'ower and that, with atmospheric 
regulation, has given a very valuabie blast-furnace 
air compressor. \Ve are unable to compare the ores 
used at these two plants, either by analyses or sieve 
tests, but it is interesting to note that no water is 
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ever added to any or the materials charged into the 
Mark furnace and none of the flue dust is recharged. 
Nexi in importance, after considering the raw ma- 
terials and furnace equipment, would naturaliy be the 
ve-ocliv of Lhe gas as it leaves the furnace; but this 
question has become rather involved because so few 
operators attcmpt to determine the velocity of gas in 
the downcomers and simply judge the dust-carrying 
capecity of the gas by the volume of air blown, the 
blast pressure, or the gas pressure at the furnace top. 
The causes and effects of high biast and gas pressures 
are very often misconstrued. A most recent blast- 
furnace treatise now widclv circulated states: 


“St is very evident that to secure free and regu‘ar 
settling of the charge, one of the prime conditions is 
to have the blast pressure low tn relation to the weight 
of the charge column—high blast pressure is an un- 
mitigated evil and in general the lower the pressure 
with which a furnace will work, the more satisfactory 
its work will be.” 


I would take exception to that statement unless 
qualined by designating the conditions to which the 
nigh pressure is due. Large blast furnaces have been 
operated on very low blast pressures. where the ad- 
vantages or carrying the slag decided’y acid were per- 
initted to outweigh all other considerations. On the 
other hand. execcpttonally good blast-furnace per- 
formance is being made on 20 Ib. Llast pressure where 
4 or 5 Ibs. of tiut pressure are due to back pressure from 
gas washers and gas mains ani to a fairly viscous 
siag and not due to scaffo'ding of the furnace or im- 
proper penetration. 


The effect of density of the gas on ore reduction 
ina blast furnace ho'ds a large interest. The best 
opcrating results have been attained on furnaces with 
high gas pressures but there is a question whether 
the intensity of the gases is the direct cause of the 
difference noted in furnace performance or whether 
the increased back pressure of perhaps 1 Ib. per sq. in. 
akove normal sufficiently increases che b‘ast pressure to 
materially accelerate combustion of the coke. In this 
connection, it must be borne in mind that the capacity 
of gas for carrying flue dust varies as the square of its 
veiocity su that a nominal reduction in the volume of 
blast blown into a furnace should, and usuaily does, 
cause a decided'y decreased flue-dust production: that 
top pressures normally are a function of the volume 
and censity of che gas leaving the furnace, the fric- 
tional resistance of the downcomers and gas mains 
and the area of the gas-burner openings: that the 
advantsges gained by increasing the furnace area 
above the point where the charges of raw material 
strike the furnace wall, thereby decreasing the ve ‘ocity 
of the gzs and permitting the location of gas offtakes 
welt above the stock level, must be recognized. 
Suggested Downcomer Arrangement 

Having in mind the foregoing conclusions, we have 
designed an unusual arrangement of downcomers for 
reducing tne exit-velocity of the gas leaving the fur- 
nace, for equalizing the flow of gas over the entire 
furnace area. and fcr controling the gas pressure in- 
side the furnace. The system is designed so that the 
gas will travel practically the same distance from 
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each furnace opening to the dust catcher and the swirl- 
ing effect inside the dust catcher is on a balance as 
well. 


The writer feels that there is no justification for 
the high gas risers on modern furnaces and suggests a 
trial of the construction shown in Fig. 2. Under this 
plan, it is proposed to control the gas pressure with a 
throttling valve on the gas outlet from the last unit 
of whatever gas-cleaning system is used. At first the 
regulating valves were piaced as close tu the mouth 
of the downcomers as practicable and the off-takes 
were carefully proportioned so that heavy material 
woula be deflected against the concave surface of the 
thrott-ing valves and absolutely stopped. causing at 
least some of it to fall back into the furnace, even 
against the flow of the gas, see Fig. 3. However, ob- 
jections to that location developed. It is primarily 
desired tc promcte the intensity of the gas without 
increasing its velocity until after it has deposited its 
dugpt 1. the primary dust catcher ind gas washer. A‘so, 
it is the intention to have these valves set for the 
pressure it is desired to maintain in the furnace and 
yet have them afford relief from the rush of gas fol- 
lowing furnace slips or rolls. Throttling vaives in 
*the gas oft-takes might work so slowly as to endanger 
the furnace top whercas a valve remote from the fur- 
nace would utilize the receiver effect of downcomers, 
dust catcher, and gas washers, thereby dissipating the 
force of vio‘ent slips. 


Vo.umes have been written describing the various 
methods of removing flue dust from furnace gas. The 
writer believes steei-wool gas cleaners will be de- 
ve.oped to practical usefulness but, in the absence of 
this deveiopment, favors the tower type of wet washers 
such as the Zscinucke, Diehl, or Brassert. It is true 
these washers waste the sensible heat of the gas, but 
they have proved to be wonderfully efficient and re- 
liable gas cleaners. As a further development, the 
writer be‘icves we shall discover a combination of 
flotation and hydraulic concentration of gas-washer 
sludge that will wash the coke dust out of the flue 
dust and furnish a material no more difficult to reduce 
in turnaces than is the finest ore. This may possibly 
be accomplished by some elaboration of the Dorr 
thickener. The dust thus concentrated couid be pressed 
into briquettes fur open-hearth furnaces or used to 
advantage in the manner suggested by Mr. Brassert 
for utilizing washer sluge by piping it to the skip 
pits where a measured amount is added to each skip 
or ore 


The loadi:.g, transporting, and unloading of hot flue 
dust has caused so many serious accidents, is such an 
expense, and makes it so nearly impossible to keep a 
furnace plant clean that even the material deposited 
in primary dust-catchers shou'd be sluiced continu- 
ously from the catcher direct to the settling basin, 
as shown in Fig. 2. 


Abcut 12 years ago, at the Bellaire furnaces of the 
Carnegie Steel Co., we converted the dust catchers 
into rough contact washers by filling the cone sections 
witn water constantly discharging through a water 
seal constructed of standard pipe fittings. The object 
was to increase the gas-cleaning cfhiciency of the dust 
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catchers but, at the same time, a more desirab!e method 
of handling the flue dust was gained. By allowing 


. the heavier dust to settle, enough of the coke dust was | 


Aloatcc off as lighter matcrial to permit the successful 
recharging of all fine dust recovered. This condition 
prevai:ed even when the 12 ft. and 12 ft. 6 in. hearth 
furnaces were dr:ven to an averege production of over 
4CO tons of iron per day. in spite of increased pro- 
duction of the flue dust and a coincident consumption 
to as high as 400 Ibs. of flue dust per ton of iron pro- 
duced. It would seem that the eiements of washing 
out the coke dust have generally prevailed wherever 
flue dust hes been successfully recharged. Such an 
assertion would also explain the superiority of weath- 
ered stock-pile dust. J. \W. Dougherty’s proposed 
method of feeding raw dust through the furnace shell, 
by mezns of ¢ worm gear, was given some publicity a 
few years 7go. but it is so nearly a mechanical im- 
possibuiity to introduce any material be‘ow the stock 
level! cf a furnace and yet distribute it uniform’y over 
the full furnace area that his suggestion was-never 
consiclered serious:y. 


Fig. 3—Proposed gas-regulating valve for downcomers. 


It-is well known that tlue dust contains carbon 
sufficient to sinter it readily (in either the Dwight- 
Lloyd or Greenawalt machines into an excellent mate- 
rial for adding to the ore burdens. Briquetting by 
using some binding material or sintering action, direct 
roastizg, or sirtcring and nodulizing in rotary ki'ns are 
all in practical operation. While the product of these 
heat-agglomerating processes has a tendency to make 
the furnace charges more cpen, ‘t also has a disad- 
vantage in the important consideration of fuel econo- 
my. These products invariably are formed as silicates 
of iron and as such form the most irreducibte material 
that is charged into the blast furnace. In general. we 
may say that no one but the actual operators can be- 
gin to appreciate the countless difficulties encountered 
in attempting to handle flue dust efficiently and eco- 
nomically for any of the foregoing processes. In the 
first piace, if the dust is handled on a purely manual 
basis, the labor cost becomes prohibitive. Secondly, 
if elahorate aud expensive machinery is instalied to 
get away from the high labor cost, the wear and tear 
on the machinery prevents the success of the nlan. 
But we may safely say that the cost of anv of these 
processes is far in excess of that for simply floating off 
the coke dust. 7 
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A five-ton cast iron roll welded with alternating current arc. Although this illustration does not show a steel mill roll, it does 
illustrates the possibilities of welding cast iron. The black mark indicates locality of weld. 


Recent Welding and Cutting Developments 


Description of Various Processes of Welding and Cutting and the 
Modern Equipment Employed—Special Reference to Applications 
in Steel Industry Shows Many Possible Uses. 


By R. M. RUSH, 
President, Rush Machinery Company, Pittsburgh, Pa. 


ELDING and cutting of metals by the oxy- 

acetlylese and electric processes have become 

a very important factor in the production of 
iron and steel. A few years ago a cutting torch was 
a curiosity. ‘Jnday it is a necessity in the iron and 
steel plant. One mill alone in the Pittsburgh district 
uses over 200 gas cutting outfits. Electric welding 
was comparativcly unknown in the steel industry two 
years ago. Tcdzy practically every steel mill has at 
least one electr:c welding outfit and some of the larger 
works have six or more. Electric rivet cutting and 
scrap cutting outfits are just being introduced. Soon 
they will find their place among the necessities of ef- 
ficient miil operation. 

The war acted as a great stimulant on the metal 
cutting and welding industries. Through various gov- 
ernment agencies knowledge that in many cases had 
been considered a trade secret, was ,collected and 
made available fer general use. 

Foremost 1mong these agencies was the Emergency 
Fleet Corporation. Realizing the tremendous advan- 
tages to be gained in the building of ships by the ap- 
plication of metal cutting and welding, a committee 
was formed composed of executives and engineers 
from practically all the corporations in America con- 
nected in any way with the welding or ship building 
industries. Scientific men, equipment manufacturers 
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and practical shipbuiiders working together in this 
committee did more for the art of welding in one 
short year than had been accomplished in a decade of 
individual effort. 

The results of this work are now apparent in the 
industrial world. Labor saving processes are more in 
demand than ever before, due to the greatly increased 
cost of labor and its scarcity, and new methods are 
imperative. Tiie world’s great demand for increasing 
prcduction in every line, and especially for steel, means 
that shutdowrs zre more costly than ever. 


These shut:iowns are being eliminated or shortened 
by the use of welding and cutting equipment. Today 
there are being accomplished in steel mills, repair 
jobs, which in magnitude and importance, are second 
only to the great repair jobs that put the injured Ger- 
man ships in service so quickly at the time we entered 
the war. Large bedptates and cylinders have been 
repaired with a gang of skilled welders working from 
Saturday nour to Monday morning, that in former 
years would have required mill shut downs of sev- 
eral weeks. 


Rapid development in the use of cutting and weld- 
ing equipment in the steel mills has been accompa- 
nied by like accomplishments among the manufactur- 
ers of equiprient. The purpose of this article is to 
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briefly describe some of the recent developments in 
this field. ; 

Welding equipment may be divided into the fol- 
lowing classes: Tirst, gas welding with the acetylene 
torch; second, ciectric arc welding with carbon and 
metal electrodes: third, butt, spot or seam welding 
with electric resistance equipment. Metal cutting is 
divided into two classes—gas and the electric arc. 

Of these, from the steel plant operators’ standpoint, 
the electric arc is of the most importance for welding 
and the gas cutting torch for cutting, except for -o1eh 
cutting, sucn as scrap for charging and very special 
cutting such as seams in blooms, which may be done 
with the electric arc. 


Electric Arc Welding. 


The greatcs: step in advance in electric arc weld- 
ing that has becn made for many years has been the 
application of alternating current through properly 
designed transformers, with results as good as or bet- 
ter than with the complicated and expensive motor 


Internal view of ac welding machine. 


generator sels which has always heretofore been con- 
sidered necessary for arc welding. Steel men have 
hesitated in installing equipment that was so easily 
put out of commission as the commercial arc-welder 
motor generator set of the past. If, as is now possible, 
an arc welder cen consist of a simple transformer 
which is easily portable to the job, there is no excuse 
for any steel or blast furnace plant being without an 
arc welding cqu:pment. 


A. C. equipment being the latest development in 
the field of arc welding naturally had to prove itself. 
The investigation made by the U. S. Shipping Board 
on all are welding systems fortunately gave a public 
opportunity fur comparison of ac with de. Every 
manufacturer «nd user of arc welding apparatus was 
invited to participate in tests and there were many 
dc equipment and systems used, but only one ac, that 
of the Electric \rc Cutting & Welding Co., Newark, 


N. J. The welds made by this ac system were the 


only cnes which, under tensile test, broke outside of 
the weld and under cold bend and alternating stress 
tests these same test pieces were cqual to if not bet- 
ter than the average of the dc test pieces. 


H. A. Horner, in the A. I. E. E. Proceedings, 
Vol. 37, No. 10, page 1,190, says: “It is interesting 
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to observe that the best one of these tests were made 
with 2 coated (not an asbestos covered) electrode, us- 
ing alternating current.” 


The grace cf electrode is a separate subject from 
that of the grade of equipment, but the best machine 
and the best electrode with the best operator is a 
winning combisution. A good operator may make a 
passable job with poor tools, but he will always do 
better work and take more pride in it if he has the best 
tools cbtainabie. No operator, no matter how skillful, 
can, with a voor grade of wire, make as good a job 
as he could with a good grade of wire, and we consider 
the best clectrode is none too good in arc welding. 
The cost forms such a small proportion of the total 
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Manifold for connecting oxygen tanks together used in cut- 
ting or drilling salamanders or for very heavy steel 
cutting. 


cost, and results are so important that the two items 
of machine and electrode should not be neglected. 

To sum us, a good man will take pride in and do 
a goo! job with good tools. whereas with poor tools 
and :materiai hie ts more likely to slight his work. 

There are varicus grades of bare wire on the mar- 
ket and one A:mcrican company puts out a flux coated 
Wire, 2 new idea in that the oxides and nitrides are 
attacked chemically by the coating and pass off as a 
gas, leaving no slag over the weld or chance of slag 
inclusion in the weld. | 

Aliernating current is admitted by the results of 
many successful tests into the ficld cf successful opera- 
tion for arc welding and possesses the following ad- 
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Mu!tiple spot welder having a €0-inch depth of throat. This 
_machine is operated by air cylinders, has a maximum 
weld:ng capacity of two pieces of 5/16 inch,’ and is 
_designcd especially for the welding of steel beams, etc. 

It makes two spots in paral'tel at once. 
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Modern oxygen cutting torches artanged so that simply © 
changing the tips makes the torches suitable for acetylene 
or any hydrocarbon fuel gas. 


Butt we’der ecuipped with hydraulic jack, horizontal hand 
clemping device. The machine is arranged with oil 
conm' d transformer and is particularly adapted for 
welding automobile rims, drop forgings, steel frames, 
butt weld ng large sections of high speed steel and all 
work requiring accurate alignment and rapid production 
in quantities. It is also a very adaptable machine for pipe 
of a cross section within the capacity of the machine. 
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vantages. It is electrically right, in that it will oper- 
ate from the designed power supply. In other words, 
it can be attached to the 220 or 440-volt alternating 
current with two wires on one transformer, whereas 


direct current motor generator sets require on the 


same power supy'ly three wires and two or three trans- 
formers. Furthermore, a dc motor generator set is 
tied down to a foundation and its radius of action is 
only equal to the length of its dc leads. It is true 
that de sets are sometimes equipped with a chassis 
and wheels, put this only makes them the heavier. 
Alternating current equipment weighing but 250 Ibs. 
is really portable and hence can be used around the 
shop or yard, attaching to the cxisting power line 
without the cxpense of wiring the motor set at the 
low de voltage. .1n other words, it is electrically wrong 
to wire for 50 volts when you can wire for 220 or 440 
voits. Theoretically it takes 16 times as much copper 
for the same insiallation on 50 volts as it does on 220. 
Besides the electrical considerations of the ac system, 
the single operator unit is ideal in that, like a filing 
system, machines can be added singly or in banks as 
required, and cne operates as efficiently as all of them. 
Moreover, the location of part of them can be changed 
without any Icss of operating efficiency and practically 
no loss of time Wi£uth de equipment one is tied down 
to his original guess as to the future requirements of 
work in questicn. ” 

Other advoittages of ac equipment are: First, its 


‘efficiency. Thaz is, a transformer is admittedly more 


efficient than any other sort of apparatus except an 
electric heater ara this, of course, shows in the cost 
of operation te the advantage of.ac equipment. Sec- 
ond, maintenance—a transformer has the least main- 
tenance of any apparatus and this gain makes a favor- 
able showing in the cost of operation for the ac equip- 
ment. There are many theoretical considerations 
where the ac are has an advantage over the dc, such 
as penetratior, smoothness of deposition and absence 
of electrolytic corrosion. 


Some we'ding machines strive for constant volt- 
age and others for constant amperage, but the rate of 
heat transfer is the watts supptied to the arc, which 
is the product of both current and voitage. The ac ma- 
chine has been designed to give a constant product of 
these two facio1s determining the heat rate of trans- 
fer and in th: working of molten steel when the cor- 
rect adjustmecr: of heat transfer 1s reached it 1s 1m- 
portant to so hotd it. 


Gas Welding. 

An interesting question is when and where gas 
welding is better than electric arc weiding and vice 
versa. The answer, as we have experienced it, is that 
for very thin work, i. e., less than 18 or 20-gauge, or 
where a very smooth finish is desired, gas welding is 
preferable; while for very heavy work, 1. e., 4% in. and 
up, electric welding is more economical. The heavier 
the work the more it pays unti!, at 1 in. thickness 
and over, the cost of electric welding is not more than 
one-tenth that of gas welding. 

Such work as safety guards for gears, couplings, 
etc., ind all light steel work of any description is suit- 
able for gas welding. ‘An electric arc operator must 
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be exceedingly skillful to accomplish this light work, 
which can be done very easily with an oxy-acetylene 
torch. 

In the past. cxy-acetylene torches have all had 
drawbacks which have retarded their universal adop- 
tion. One of these is the tendency to flash back—in 
other words, fur the flame to travel back into the torch 
and burn it up anc burn up the hose and very often in- 
jure the operatu~. The speeding up of production dur- 
ing the war avd the large increase of inexperienced 
operators in welling and cutting have resuited in many 
accidents and caused manufacturers to turn their at- 
tention to the inatter of safety. 

About two vears ago an acetylene welding torch 
was p.aced upcu the market by the Torchweld Equip- 
ment Company oi Chiczgo, IIl., which practically revo- 
lutionized the gas welding busincss. It embodied a 
new principle- -that of mixing the oxygen and acety- 
lene in a carefully designed mixer back of the head 
of the torch ix such a way that the theoretically cor- 
rect proportioning of gases was possible and a neutral 
flame was auiciiatically maintained. This resulted in 
better welds and large gas and oxygen savings. The 
use of this mixcr was only made possible, however, by 
means of a flashbeck chamber consisting of a pocket of 
mixed gases which discharged whenever the flame 
tended to piopegate back to the mixer. In simple 
terms the net result was that an ‘nexperienced welder 
can produce zocd welds and maintain the proper flame 
with very litt‘e practice. Over 400 of these were 
used by one munufacturer of Liberty motors with 
untrained operators. ; 


Resistance Welding. 


Butt and spot welding is not as well known as gas 
or electric we'ding in the steel industry. There is, 
however, quiie 2n application for this sort of weld- 
ing and every sieei miil machine shop should have at 
least one resistance welder in its machine tool equip- 
ment. 

The accompanying photographs illustrate some of 
the recent developments in this art made by the Fed- 
eral Machine & Welder Co., Warren, O. They are 
mainly mechanical improvements and better ar- 
rangements for .pp:ying pressure and electrical current 
in the proper manner for the job on hand. Welds 
produced in this manner are replacing rivets in many 
industries aad often show physical characteristics 40 
per cent stro.gcr than riveted joints. 

Two plates as thick as 1% in., or even thicker, may 
be welded by this spot welding process. The usual 
applications, however, are on thinner stock. Above 
16-gauge mater:al 120 welds a minute may be made. 
In butt welding, the work to be welded end to end, 
is clamped rigidiy by means of a hand or air pressure 
clamp and the cids are brought together under press- 
ure white the current is applied. This process is ap- 
plied to pipe and solid sections. Other applications in- 
clude rims an‘ similar sections. | 
_ QOne automobile manufacturer is welding 400 auto- 
mobile rims a1 hour with one machine. Others have 
developed simila-> production on other kinds of work. 

Various forres of seam welds are being made on 
machines especially designed for the purpose. Tea ket- 
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This machine is for welding pipe up to 214 inches diameter 
and shows the roller which is used in connection with 
the machine for reducing the flash at the weld after the 
welding operation. This machine as origin2lly designed 
for safe end'ng of boiler flues in the railroad shops of the 
Norfolk & Western Railroad. 
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Typical acetylene welding torch, showing extensions for 
heavy work and two angles of head. 
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tle spouts stamped originally in twu sections are rap- 
idly welded and the number of imperfect pieces from 
the process have been reduced to practically nothing. 


Gas Cutting Torches. 

The oxygen cutting torch is very well known in 
the sieel industry, but until recently very little effort 
has been made to design a tool on a strictly engineering 
basis. During the past few years there has been de- 
veloped equipmem which from the standpoint of safe- 
ty and efficiency has practically revolutionized the art. 
A few years azu a cutting torch consisted of two 
lengths of ordina.y tubing screwed into castings, a tip 
was added and the instrument placed in the hands of an 
unskilled operater for use. It is no wonder that trouble 
frequently resulted. The addition of oxygen to fuel 
gas within tne combustion limits produces a highly 
explosive combination. If this is not correctly han- 
dled ic is obviuus that trouble must result. The ex- 
plosions in the torch and back into the hose, the flash- 
backs and buining in the head, have, in the best mod- 
ern equipment, been eliminated. The accompanying 
illustration shows a modern cutting torch which has been 
provided with the gas mixer and flashback chamber 
of the welding torch and in addition a special check 
valve on the oxygen line which prevents the seepage 
of fuel gas back into the oxygen hose and eliminates 
the dangerous flashbacks and ecxptosions of the past. 
This torch has becn designed with an eye to stecl plant 
requirements in that repairs can be easily made by 
replacing entitc units in its construction. This has 
resulted in its adcption by most of the larger stccl- 
producing corporetions. 


Drilling Salamanders With Oxygen. 

One of th2 very interesting developments of recent 
years in connection with the use of oxygen has been 
the drilling and sumetimes the cutting of salamanders 
in either blast furnaces or open hearths. It is a well- 
known fact that oxygen cannot be used to cut cast iron, 
and it is ratner strange that it can be used to drill the 
mixture of piz ton and slag, which goes to make upa 
salamander in a blast furnace. It is, however, being 
successfully accomplished and the results obtained in- 
dicate that it is a very much cheaper and quicker meth- 
od than drilling in the old way. 

The accompanying illustration shows a manifold 
which was developed for this purpose. By means of this 
manifold, cight standard oxygen tanks are connected 
togetl.er to give a large and continued flow of oxygen. 
A regulator with two gauges, one to indicate the line 
pressure, and the other the pressure in the oxygen 
tanks, are counected at cach end of the manifold. To 
each regulator a line of extra heavy 4 in. oxygen hose. 
about 100 feex jung. is connected. On each of these 
hose Lines is connected a double length of standard 
Y%-inch wrought steel pipe, one to replace the other 
as the first one burns up. 

A platforin ig built 10 or 12 feet above the sala- 
mander. A smail fire is started with oily waste and 
the oncartors, working from the ptatform above, direct 
the dow of oxyzen at the oily waste. Under the fn- 
fluence of the oxygen the waste bursts into violent 
flame and the surface of the salamander starts to oxi- 
dize. The pressure on the oxygen line is increased and 
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the 14-inch pipe is fea into the hoie which starts in 
the saad 

In this mznner a hole three or four inches in di- 
ameter 1s dritied into the salamander very quickly. In 
fact, a hole six fect deep has been drilled in 20 minutes 
with oxygen consumption of only 500 or 600 cubic feet. 

It is rather hard to give a scientific explanation for 
the akility of the oxygen to attack the salamanders so 
violentiy when crdinary cast iron is not subject to 
such an attack. This is probably due in some manner 
to the rapid oxidization of the wrought steel pipe 
which 1s used tu direct the oxygen. 

Tre advantage of this means of drilling salamanders 
is, of course, the extreme speed which can be main- 
tained. We have known of a force of men being able 
to coinpletely drili a large salamander ready for dyna- 
mite in 12 hours’ time. 

The same means have been employed to cut up 
smaller salamanders in open hearth furnaces. In this 
case, the operator is protected with an asbestos suit, 
gloves, mask, ctc., and by properly directing the stream 
of oxygen the salamanders can be quickiy cut into 
small pieces with comparatively small expense. 


Gases Used in Cutting. 

Acetylene, natural gas and various compressed or 
liquified hyd:o carbons can be used for fuel gas in 
the oxygen mictal cutting process. Acetylene is prob- 
ably the most widely known, but just now the atten- 
ion of efficiency and safety departinents of steel mills 
is turned to a new by-product of absorption gasoline 
plants called butane. 


This gas has a very high heat value of about 3,400 
Btu to the cxbic foot. The gas is claimed to be non- 
poisonous and not to produce carbon monoxide in 
comocustion. It 1s not subject to explosions and will 
not backfire in the tips nor torch. The gas has a 
gravity about twice that of air ard also has an extreme- 
ly low explosive range. The vapor liquifies at 150 
Ibs. Recent tests at one of the large steel plants in 
Chicago demunsirated that the liquid vaporized at 
several degrees below zero, after the tanks had lain 
on ice for severa! hours in weather below zero. 


Tre gas has been thoroughly tested in at least 
‘hree of the large mills in the Pittsburgh district and 
in the shops of one of the trunk iines, and it has been 
found very efficient for general mill, foundry, railroad 
and structural work. All gases were metered with 
the same meter cn work done by the operators of the 
plants in which the tests were made, and an average 
cost at current prices on the gases and oxygen and 
with time at 60c per hour was struck in arriving ct 
the relative percentage cost of cutting steel with the 
various gases, as follows: butane, 100 per cent; acety- 
lene, 141 per cent; a hydro carbon gas, 140 per cent. 
The above figures were based on cutting 100 square 
feet of metal varying in thickness from 3-16 to 18 
inches, each gas being used to cut approximately the 
same umount of material. 

- A 42-inch diameter pinion was recently nicked an 
average of approximately 12 inches all around in a frac- 
tion cver 37 minutes. A shaft 21 inches in diameter 
was nicked ali around to a depth of approximately 9 

(Continued on page 214) 
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Heating Furnaces and Annealing Furnaces 


European Type of Self-Contained Gas Producer and Furnace— 
Properties and Cost of Blue Water Gas—Combustion Appliances 
for Using Water Gas. 


By W. TRINKS. 
PART XV. 


[XE last installment dealt with the use of producer 

gas in furnaces. It assumed that the gas was 

generated in separate producers away from the 
furnace, but where exists another noteworthy method 
of using producer gas, namely, the combination of a 
self-contained furnace and producer, see Fig. 104. 


This arrargeinent is but little used in the United 
States, but is common in Europe, where it was prob- 
ably introduced vy Siemens. It will be noted that the 
gas moves by natural draft through the producer and 
flues. It will aisc be noted that no steam is introduced 
into the ash pit (except that small quantity which is 
caused by hut askes dropping into the sump). The 
two conditior.s go together. The absence of steam 
causes a fairiy hot fire, and a hot but lean gas is pro- 
duced. By virtue of the close proximity of producer 
and furnace, most of the sensible heat of the gas is re- 
tained. The vertical distance between the depressed 
producer and tic entrance to the furnace forms a stack 
which moves the air through the fuel bed and moves 
the producer gus through the flues and into the fur- 
nace. 


In 2 producer of this type, that is to say, a producer 
without steam, the producer gas leaves the fuel bed 
with a tempeiature of 1,450 to 1,690 degrees F. With 
10 feet differcne? in level between grate bars of pro- 
ducer and entrance of fuel to furnace, this temperature 
creates a draft of approximately .11 inches of water. 
With that draft six to eight pounds of coal can be 
gasified per square foot of grate surface an hour. Heat 
can be devetoped cn the grate at a much greater rate, 
1f the coal bed is kept thin, first, because the thin fuel 
bed offers less resistance, and second, because the 
much hotter flue gas produces more draft. But a thin 
fuel bed gets away from the advantages of producer 
gas and, in their place, introduces all of the disa fvan- 
tages of direct prate firing, such as burning out of the 
flues, clinkeritig. excess oxygen and others. This fea- 
ture must not be lost sight of. Grates which are too 
small for the heat requirements of the furnace are very 
likely to bring the combined producer and furnace into 
disrepute. 

The good features of the self-contained producer 
and heating furnace are apparent. The distribution of 
heat in the furnace can be contro:led on account of 
the gaseous nature of the fuel, and yet no separate 
producer plait is needed. The heater can attend to 
the producer. But the combination also has bad fea- 
tures. Coal must be wheeled to the furnace, and doing 
so requires constant labor, or else coal storage right 
next tc the furnace. The composition and the heat 
value of the gas fluctuate considerably, because the 
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volatile matter in the coal is given off immediately 
after firing. A deep pit is required in connection with 
each furnace. 

Yet, the self-contained furnace and gas producer 
will probably find a place in American furnace prac- 
tice, after oil and natural gas will have risen to pro- 
hibitive prices. It is very probable that the ultimate 
design will have a device for the continuous feeding 
of coal. 

In Fig. 104, air for combustion is preheated in a 
tile recuperator: the stack effect of the preheated air 
moves it throug! the narrow slots of the lower arch, 
wher? it meets the gas over a widely distributed area, 
producing a uniform heat. The furnace in question 
is of the “Chautraine” type and is built by Smeeton- 
Wright Furnaces, Ltd., London, England. 

Water Gas. 

Water gas is generated if steam is blown through 

g-owing carbon. At low temperatures (about 930 de- 
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Fig. 104—Another method of using prcducer gas. The illus- 
tratin shows a combination of a self-coniained furnace 
and producer. 


grees I*.) carbon dioxide and hydrogen.are formed while 
at high temperatures (1,600 degrees F. or above) 
carboti monoxide and hydrogen are formed. At 
the present time no process exists to make. gas 
continuous:y i the same producer or generator, 
because the breaking up of the steam into hydrogen 
and oxygen requires more heat than is given off by 
the combination of the carbon and the oxygen. The 
temperature of the fuel bed drops right along while 
water gas is being made because no process is known 
to impart heat to the bed of glowing carbon while 
heat is being abstracted from it by the formation of 
water gas. Iu consequence, the process must .be in- 
termittent: ‘he fuel is heated to a high incandes- 
cence by an air blast, and then the steam is passed 
through the same generator, until the temperature has 
been reduced 2lmost to the point betow which good 
gas can no longer be obtained. The process thus calls 
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for alternate “blows” with air and for 
making periocs) with steam. 

The intermittent feature of the gas making pro- 
cess necessitutes either the use of two generators with 
a small gas helder, or else the use of one generator 
with a large gas holder. If, in the latter case, the gas 
is to be used at the average rate at which it is made, 
the capacity of the holder need not exceed the vol- 
ume producec during an hour’s production. 


In either case (one or two generators) the prc- 
ducer works at « constantly falling temperature dur- 
ing the run. The water gas is, for that reason, not of 
constant coiny.csition; the carbon dioxide in the gas 
Increases steadily in amount. In parctice this feature 
is kept within harmiess limits by frequent reversals, 
but the latter must not be too frequent, because every 
reversal sweeps some of the lean air gas into the water 
gas line. 


Both the air gas made during the blow and the 
water gas made during the run, contain a great deal 
of sensib:e heat which, if not utilized, would neces- 
sarily result in 1 very low efficiency of the generating 
process. By using this heat for raising steam for the 
run, the effiziency is brought up to a much higher 
value. Water gas apparatus with a waste heat boi-er 
has an efficiznev of approximately 70 per cent, pro- 
videl that it is carefully designed and_ skillfully 
operated and that clean fuel is used. Otherwise the 
efficiency will easily drop down to 50 to 55 per cent. 


One of the drawbacks of water gas is that it can be 
generated only from coke or from hard coal. Before 
the gas can be used, it travels on its way from the 
generator to the furnaces, through a washer main- 
taining a water seal and thence through a scrubber, for 
coo:ing the gas and for removing any dirt carried 
forward from the fuel bed into the hoider. 

Water gas as used in industrial heating furnaces 
and aunealiny furnaces has a high heat value of 302 
to 309 Btu per cubic foot (standard conditions) and a 
specific graviiy of .54 to .56. A typical analysis is: 


Carbon monoxide, 43.5%; hydrogen, 47.370; methane. 1903 
carbon dioxide, 3.5%; oxygen, 6% ; nitrogen, 4.4%. 


The gas contains practically no hydrocarbons, and 


“runs” (gas 


‘burns, for that 1eason, with a blue, non-iuminous 


flame. This fact has given it the name “blue” water 
gas, in coitrauistinction to carburetted water gas 
which results frum the addition of luminous hydro- 
carbons and which is used in cities for illuminating 
purposes. Water gas requires 2.3 volumes of air for 


complete combustion. 


Next to natural gas and coke oven gas (including 


‘coal eas) water gas is the richest industrial gas. Its 


theoretical flame temperature is very igh. On ac- 
count of its ucn-luminous nature, the fame comes, 
without any coubt, quite close to the theoretical tem- 


‘perature; the gas contains no hydrocarbons, which 


break up durirg the process of combustion and radiate 


heat away befcre the combustion :s complete. 


- 


The gas :s ‘clean and can be sent into furnaces 


through small forts or it can be sent into the furnace 
- premiaed witn @ir. 
burners descriied for natural gas (Part XI) are equal- 
Ay well applicable for water gas. 


In fact, all of the premixers and 
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this difference: the water gas flame must be made 
to impinge uj on sclids to give off heat. These sotids 
may be the matc:ial which is to be heated, or, which is 
mucn better, refractory material which radiates the 
absorked heaz back to the stecl. 


Heat transnussion by convection is not nearly as 
effective as teat transmission by radiation. For this 
reason, it appears logical to provide in furnaces with 
water gas heat refractory surface against which the 
flame plays, of large extent in comparison to the 
surface of the stee! which is to be heated. Agents of 
who are great 
advocates of the use of water gis in industrial fur- 
naces, claim that by playing a non-luminous flame 
against the arch of a furnace roof, just as good heat 
transmission cain be obtained as by direct radiation 
from 2 lumiucus flame. Comparative tests either con- 
firming or else refuting these claims are not avaliable. 
In the absence of such tests, | wouid advise to make 
the heat abso: bing and heat radiating refractory sur- 
faces considerably. say two or three times, larger than 
they need b: with natural gas. It should, however, 
be understool that in many types of furnaces, the 
refracrory sauriaces washed over by the flame are large 
enough in any cvent, because space has been allowed 
for flame d2velopment. In such cases, there is no 
need of any cifference of furnace design between the 
use cf natural gus and that of water gas. 


If water pss ts used in regenerative furnaces, both 
the gas and ihe ait can be preheated, because the gas 
contains no cembustions which might be broken up 
by high temperatures and deposit soot. 

One of the principal questions in connection with 
any frel is iis cost. As in the case of producer pas, 
no correct data for water gas are availabie in the shape 
of a general formula. 

In the absence of a 
may be of u-¢: 


gencral tabulation, the following 
Qne pound of excellent coke makes 
30 cubic fec. co water gas of 280 Btu lower heat 
value. If the coke contains much ash, this value 
drops consideril'y. Each insta‘iation requires one 
or two gencrators (or multiples thercof), a waste heat 
boiler, a gas holder, a scrubber, a washer, reversing 
equipment (valves and pipes) and a gas pump. The 
gas mzking requircs labor for charging coke, breaking 
up and pull:ng clinkers, removing ashes, reversing, 
admitting the proper cmounts of air during the blow 
and siezin during the run. The clinker varies with the 
fusibility of tie ash, and is a very undesirab‘e ac- 
companiment of the present day process of making 
water gas. 

At present (1920) prices the cost of water gas is 
estimated to vangc between 10 cents and 30 cents per 
thousand cubic tect, depending upon price of coke, size 
of piant and ioud factor. 

Frem the ebove data it follows that water gas is 
not at ail suneble for a plant having one or two small 
furnaces, because the investment cost and the cost of 
the gas house equipment are prohibitive. The larger 
the furnace plan- the better the installation of water 
gas equipment pays. If heating for forging or rolling. 


or annealing are the only requirements, clean producer 


gas is just 1s good and is preferred by many. 
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DEPARTMENT 


Practical Notes on Waste Heat Boilers 


Necessity for Fuel Economy Increases Interest in Waste Heat 

Boilers—Comparison of Direct Fuel and Waste Heat Practice. 

Proper Number of Passes—Blast Furnace Gas Fired Boilers. 
By D. S. JACOBUS and‘ ARTHUR D. PRATT. 


HE advantage of an increase in transfer rates in 

waste heat boilers over that which exists in direct 

fired boilers is perhaps not generally appreciated 
In burning fuel under a boiler a temperature is developed 
greatly in excess of the average waste gas temperature. 
For comparison of direct fired as against wasie heat prac- 
tice, let us consider a direct fired unit equipped with an 
underfeed stoker and a waste heat boiler. set in connec- 
tion with oil stills. In the former case the furnace tem- 
perature will, with proper stoker operation approach 
2,700 degrees I*., while in the latter case the temperature 
of the gases entering the 
boiler will be approxi- 
mately 1,000 degrees F. 


In direct fired practice 
a considerable proportion 
of the total heat absorbed » 
by a boiler is absorbed 
through direct radiation 
to the tubes which are ex- 
posed to the radiant heat 
of the furnace. How great 
a proportion of the total 
absorption is accom- 
plished in this manner, is 
not ordinarily appreciated. 

With a reasonably con- 
stant furrace temperature 
the amount of heat ab- 
sorbed through direct 
radiation is, within reason- 
able limits, a constant, ir- 
respective of the capacity developed by an individual 
boiler. It naturally follows, that as the capacity of a di- 
rect fired boiler is increased, the percentage of total ab- 
sorption through radiation becomes less, as this repre- 
sents the ratio of the total number of heat units absorbed 
from the gases, which remains constant, divided by the 
total heat absorbed by the boiler which increases with 
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‘taken from paper entitled “\Waste Heat Boilers.” read 
by the-authors before the Engincezs Society of Western 
Pennsylvania, February, 1920. 
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The importance of the waste heat boiler 
to the steel indus‘ry can be appreciated by 
the fact that over 210 open hearth furnaces 
are equipped with such boilers, the total 
capacity of these furnaces being conserva- 
tively 12,C00,COO tons per year. In this article 
the authors present interesting and valuable 
data as to the economies which can be effected 
by the intell'gent installation and application 
of waste heat boilers. 
that it may not be long before there will be 
lews forcing the conserva‘ion of fuel. 


The authors suggest 


capacity. In comparing direct fired with waste heat instal- 
lations it is necessary because of the low or comparatively 
low ratings developed in the latter class of work, to con- 
sider the direct fired unit operating at a low capacity. 

Experiment has shown that for a furnace temperature 
of 2,700 degrees F. the absorption through direct radia- 
tion is, for a four-inch tube spaced on seven inch centers, 
slightly over the equivalent of 80 pounds of water evapo- 
rated per hour from and at 212 degrees F. per lineal toot 
of tube exposed to direct radiant heat in the furnace, an 
absorption of some 77,630 Btu per heur. In a 500 hp 
Babcock & Wilcox boiler, 
with the baffle arrange- 
ment ordinarily offered 
for underfeed _ stokers, 
this evaporation due to 
absorption through direct 
radiation would. with the 
boiler operating at its 
normal rated capacity, 
represent approximately 
66 per cent of the total 
heat absorption. 


The absorption due to 
rad-ation effect varies ap- 
proximately as the fourth 
power of the absolute 
temperature of the radiat- 
ing medium. On_ the 
basis of an abserption 
through radiation equiva- 
lent to an evaporation of 
89 pounds per hour from and at 212 degrees per lineal 
foot of tube in the furnace for a temperature of 2.700 de- 
grees F., the corresponding absorption for a furnace tem- 
perature of 1,000 degrees in the case of the waste heat 
boiler would be approximately 365 pounds from and at 
212 degrees per hour per lineal foot of tube exposed. If, 
for the sake of comparison, we assume that both the waste 
heat boiler and the direct fired unit develop their normal 
rated capacity, the absorption through direct radiation 


would be only 3 per cent of the total absorption for the 
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waste heat boiler as compared to 66 per cent for the direct 
fired boiler. In a 500 hp direct fired boiler operating at 
its normal rated capacity the absorption through convec- 
tion will be then equivalent to 170 hp. If the 500 hp 
waste heat boiler is to develop its normal rated capacity 
the absorption through convection must be equivalent to 
485 hp. 

The temperature of the gases out of the radiant heat 
zone in the direct fired boiler will be somewhat higher 
than the temperature of the gases entering the waste heat 
boiler, the relative temperature with the direct fired unit 
and waste heat boiler both developing the rated capacity 
being approximately 1,200 and 1,000 degrees respectively. 
If the two units are operated at the same pressure, and 
the gases are cooled to the same ultimate temperature, 
we will have relative average temperature differences of 
approximately 460 degrees and 360 degrees. The total 
absorption through convection is represented approxi- 
mately by the product of the transfer rate, the heating 
surface and the range of temperature difference. ‘lo 
develop the capacities indicated above through convection 
it would be necessary to obtain transfer rates as follows: 


Direct Fired 

R X 5,000 « 460 = 170 X 33,477 R = 2.47 
Waste Heat 

R X 5,000 x 360 = 485 x 33,477 R =/702 


In other words, 1f each of the two units is to develop its 
rated capacity, it would be necessary in the case of the 
waste heat boiler to arrange the heating surface in such 
a manner as to give a transfer rate over three times as 
great as that in the direct fired unit. This comparison 
is an extreme case which has been used to indicate the 
necessity of high gas velocities where the gases are of a 
low temperature; conclusion should not be drawn from it 
respecting the effect of the absorption of radiant heat on 
the efficiency of a direct fired unit as other elements enter 
into the problem. 

The heat absorption, or heat transfer rate, is depend- 
ent upon the gas velocity, and not upon the number of 
passes except insofar as the number of passes affect the 
velocity. For equal gas weights the velocity is the prime 
factor affecting the transfer rate, for at any velocity so 
far used in modern waste heat work, the effect of the 
temperature of the gas is small as compared with velocity. 
Naturally for a given transfer rate the greater the tem- 
perature difference the greater the total heat absorption, 
but the temperature for the gas velocities employed has 
so small an effect on the rate itself that any difference in 
the rate can be neglected. 

First assume the heating surface of a water tube 
boiler with horizontally inclined tubes arranged to give 
the gases four passes over it. If the boiler were say 18 
tubes high a gas particle would strike the tubes 4x18, or 
72 times. 

Again take this same amount of surface arranged to 
give three passes of the gases in a boiler of a given width. 
In order to obtain the same gas velocity and the heat 
transfer corresponding to such velocity in the three-pass 
unit it would be necessary to reduce the length of the 
tubes 25 per cent below that employed in the four pass 
unit, and the equivalent amount of surface would be 
added in height. The three pass tnit would he 24 tubes 
high to give the same heating surface. In such a boiler 
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a gas particle would again strike the tubes 3x24, or 72 
times. | 

Carrying the comparison to an extreme case, if the 
same amount of heating surface were arranged to give a 
single pass of the gases, still mairtaining the same gas 
velocity and transfer rate resulting from such velocity, 
it would be necessary to shorten the tubes 75 per cent. 
This would result in a unit 72 tubes high, and a particle 
of gas would naturally strike the tubes 72 times as in the 
other cases. Such an arrangement of heating surface 
would of course be impracticable, but is described to in- 
dicate the principle involved. 

The heat transfer rate would be the same for the 
three cases considered, that is, for 4, 3 or a single pass, 
whereas the frictional resistance to the flow of the gases, 
or the draft drop, would be greater, the greater the num- 
ber of passes on account of the added resistance due to 
changing the direction of flow of the gases in the ditter- 
ent passes. 


Number of Passes. 

Because of the flexibility of design through varying 
the arrangement and the amount of heating surface by 
changing the width and height of the boiler aml the 
length of the tubes, it is theoretically possible to give 
the gases any desired number of passes over the heating 
surface and still maintain the gas velocity which will give 
the greatest commercial return. Under such conditions 
the proper number of passes to employ in waste heat 
work becomes a question depending upon commercial 
rather than engineering factors, and these should be given 
consideration in each specific installation. 

There 1s the question of cost, though because of the 
relatively large return on the investment with this class 
of apparatus, this is usually not of primary importance 
A single pass boiler without battles is the simplest unit 
that can be otiered. With a single pass boiler, however, 
in order to maintain a velocity resulting in adequate 
transfer rates, it is ordinarily necessary to make use of 
short tubes, which leads to a construction of relatively 
high cost. 

A second consideration in the proper number of passes 
to be offered is that of the point of removal of gases 
from the boiler setting. For any waste heat boiler where 
the gases enter beneath the tubes at a point corresponding 
to the furnace in ordinary direct fired practice, where 
the number of passes is made odd, ie., 1, 3, or 5, the 
gases must be removed from the setting at or near the 
top of the boiler. Where the number of passes 1s even, 
the gases must be taken from the bottom and at the rear 
of the boiler. 

The best arrangement to use in most cases is three 
passes. Where an overhead connection is desired fan 
supports and platforms are provided. Where it is desired 
to place the fan and its drive on the floor an easy connec- 
tion can be made through the rear water circulators to 
the fan. 

The most important factor, in the determination of 
the proper number of passes to be offered in waste heat 
work, 3s that of draft. The draft loss through a water 
tube boiler is a function of two factors—the loss due to 
frictional resistance to the gases in their passage over 
the tubes, and the loss due to the making of the turns 
over the baffles. In any upward pass of the gases there 
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is a stack effect, due to the pass itself, which tends to 
offset the loss due to friction, and it is no uncommon 
occurrence in high temperature direct-fired practice to 
find a greater draft suction at the bottom than at the top 
of an up-pass of a boiler. In a downward pass of the 
gases on the other hand, there is a negative head to be 
overcome in addition to friction. 

In order to recover the major portion of the power 
used for the fan drive through utilization of the heat in 
the exhaust, it is almost universal practice in waste heat 
work to use a steam turbine drive for the induced draft 
fan. Experience has shown that with the gas velocities 
best adapted tor this class of work, the exhaust from the 
fan turbine when producing draft sufficient to overcome 

‘the total resistance through a properly designed three- 
pass boiler unit and giving the required draft at the out- 
let of the primary turnace, is just about the amount re- 
quired to heat the feed water entering the waste heat 
boiler to 212 degrees F. While the amount of heat re- 
covered in this manner will of course vary with the gas 
temperature, the fan and turbine efficiency, and the class 
of primary furnace, the statement above may be accepted 
as generally correct. 


Single Pass Waste Heat Boilers. 


Single pass waste heat boilers without any induced 
draft apparatus are the simplest that can be employed 
and, in fact, it is this design that was probably among 
the first of the water tube boilers used in waste heat 
work. The early installations, however, were made of a 
low draft resistance in order not to interfere with the 
operation of the primary furnace. 


There 1s a considerable field for the single pass, 
natural draft, waste heat boiler even under modern con- 
ditions. In plants where such boilers are applicable the 
gas temperatures are high, approaching those of direct 
fired practice, and greatly in excess of the temperatures 
for which our modern design of waste heat boilers were 
developed. This statement is not to be taken as indicat- 
ing that high gas temperature alone, without taking into 
consideration the other factors involved, makes ihe in- 
stallation of a single pass advisable rather than a multiple 
pass unit, but to indicate the limitation of the field of 
usefulness of the single pass unit. 


The single pass unit can be successfully used only in 
connection with a furnace requiring a low draft. In 
some instances, such as in a puddling furnace, the heat- 
ing surface can be so arranged that the boiler itself serves 
to an extent as a stack and in serving as such the available 
draft from a given stack, although less than if no boiler 
were installed, will, when added to the stack effect of the 
boiler provide enough draft for operating the furnace. If, 
on the other hand, we consider a primary furnace from 
which the gases leave at low temperatures and which 
requires a greater amount of draft for proper operation, 
such as an open hearth steel furnace, the cooling effect 
due to the installation of boiler heating surface, even in 
a single pass low gas velocity unit, would reduce the 
available draft to a point where the furnace operation 
would not be possible. In open hearth steel practice a 
draft of 1.5” to 1.7” is required at the checkers. Where 
no waste heat boiler is installed, with a gas temperature 
available of, say, 1,100 to 1,200 degrees F., a stack 160 
to 175 feet high will produce the necessary draft. If, 
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however, a waste heat boiler is installed which would 
cool the gases to say 600 degrees, the stack which would 
give 1.6” draft with a gas temperature of 1,200 degrees 
would give probably less than 1” with a temperature of 
600 degrees, which would be too low for operating the 
furnace even should a single pass boiler be employed. 
If we allow a total draft loss including the loss due to a 
single pass unit of .75” between checkers and stack, the 
heights in order to secure proper furnace operation would 
have to be about 400 feet. Under such conditions it is 
evident that with open hearth and similar furnaces waste 
heat boilers, either single or multiple pass, cannot be in- 
stalled except in connection with induced draft. 

A single pass boiler may be used to advantage where 
a low weight of gas is available, as where the gas weight 
is small and the total corresponding return low, the ex- 
pense of an induced draft apparatus in addition to that 
of the boiler may not be warranted. This applies particu- 
larly to plants where, though the gas weights are low, 
the temperatures are high. 

A single pass rather than a multiple pass boiler is 
sometimes the best to install in the case ot an isolated 
plant where there is no outlet for the power developed 
except for use at the plant. In such a case if the single 
pass natural draft boiler will cool the gases to a point 
where the steam produced will meet the total require- 
ments for the plant there is obviously no necessity or 
object in going to the expense of a more complicated 
multiple pass unit with its induced draft apparatus. 
Naturally in this case the draft requirements ot the pri- 
mary furnace must be such that a single pass aatural 
draft unit may be satisfactorily installed. 


Blast Furnace Gas Firing. | 

There is a development not strictly dealing with the 
recovery of waste heat that may be considered in connec- 
tion with water heating boilers, which is the use of our 
modern waste heat boilers for direct fired practice. In 
the burning of a fuel under a boiler, if high furnace ten- 
peratures are developed and sufficient heating surface is 
exposed to radiant heat in the furnace, the absorption due 
to direct radiation is ordinarily a large proportion of the 
whole. With fuels such as blast furnace gas, where it is 
neither practicable nor possible to obtain high furnace 
temperatures, to develop the same capacity from a given 
boiler, the amount of heat absorbed through convection 
compared to that absorbed through radiation must be 
greater than in the case of the high furnace temperature 
unit. In this case it is advantageous to apply the prin- 
ciples of our modern waste heat boiler design. 


While furnace temperatures of 2,200 or 2,300 degrees 
are theoretically obtainable with blast furnace gas, it is 
probable that even with the best design of burners the 
temperatures do not average over 2,000 degrees. With 
this furnace temperature, the absorption through radia- 
tion will be less than 40 per cent of that absorbed through 
radiation with a furnace temperature of 2,790 degrees F. 
If, therefore, the total return from blast furnace gas is 
to be made comparable with that to be expected in high 
temperature work, it becomes necessary to increase the 
percentage of total absorption through convection. 

Until the past few years blast furnace gus was re. 
garded as more or less of a waste product. No particu- 
lar effort was made to develop an efficient method of 
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burning the gas and as in the case of early waste heat 
work any steam generated through its use was simply 
accepted as “something for nothing.” As indicative of 
the eiticiencies secured with blast furnace gas, quotations 
from a paper presented before the American Iron and 
Steel Institute in 1915, by Mr. Ambrose N. Die'll, are 
of interest: 

“The average efficiency of a blast furnace plant, 
using conunon burners and operating without the aid of 
techmical supervision, is not over 50 per cent, and fre- 


quently much lower.” 
And: 

“Of a total of 60 blast furnaces in the corporation 
under observance the tests and information from the 
operators indicates a practice of not exceeding 55 per 
cent. The increase of 10 per cent probably possible with 
improved conditions will show a yearly saving of 
$1,500,000.” | 

In line with other movements toward general con- 
servation, steel null operators began to realize that any 
increase in the efficiency with which they could burn 
blast furnace gas would result in a decrease in the con- 
sumption of a higher cost fuel in other portions of the 
plant. 


Assuming a furnace of proper form and volume, the 
logical starting point, in the development of any 1m- 
proved method of burning the fuel in question, was in 
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the design of the gas bu:ners. The designers and manu- 
facturers of blast furnace gas burners develope! their 
product to a state where they were able to brn this fuel 
more efnciently than in the older practice. For combus- 
tion completed within the furnace the conditions were 
simular in all essential details to those under which our 
waste heat boilers had given enunently successful results 
The gas temperatures entering the heating surface were 
no higher than in bee-hive coke oven and in certain classes 
of heating furnace waste heat work. The gas wetyht in 


common with waste heat practice, was higher than for 


coal fring, for even with a minimum of excess air the 
weight of products of combustion for blast furnace gas 
is some 75 or 80 pounds per boiler hp developed as 
against 45 or 50 pounds in the case of underfeed stoters. 
The furnace volume and length of gas travel are the im- 
portant factors. The furnace volume measured in cubic 
feet per rated boiler hp, is some three times as great as 
the volume formerly believed to be ample in this class of 
work. The furnace arrangement is in general designed 
to secure a maximum furnace temperature rather than 
expose any large proportion of the tube surface to the 
action of the radiant heat. These modern units operat- 
ing at about their rated capacity are showing effttciencics 
of some 76 per cent. When operating at 200 per cent of 
normal rating the efficiencies are approximately 73 per 
cent. 


Rate of Steam Flow to Regulate Boiler 


New Regulating Apparatus Designed to Control Combustion Pri- 
marily From Variations in the Rate of Steam Flow—Reciprocating 
Valve Used to Control Steam Supply to Stoker Drive. 


JE econcmical use of fuel is practically a new 
T problem 14 America, particularly in the steel in- 
dustry. \Vith an almost unlimited supply avail- 
able at iow prices it was natural that little attention 
wouil be given to economy in the use of this fuel. 
During the fast five years a complete change has 
taken place ia the fuel situation. We find that in spite 
of the almost unhimited quantity available, it requires 
bor to periurm the necessary mining operations, 
and transportation facilities must be provided to de- 
iver this fuel fron: the mines to the point of consump- 
tion. ‘lhe prescnt abnorma: conditions have resulted 
in a great insrease in the price ef coal and at times 
it is not availabie et any price. These conditions have 
given rise to a situation, which emphasizes the im- 
portance of ezenomy in the use of fuel and have made 
this one of the most important problems with which 
the sugineeriag ysofession must deal. 


Volumes hive been written on the chemistry of 
ccmD>ustion and the conditions required for the most 
econcmical us: of fuel are thoroughly understood. 
Mechenica! spparatus has been developed to a high 
degree of perfection, until practically all the work 
eround a bover plent is done by mechanical means. 
In spite of these improvements, however, and the 
thorough knowledge regarding the conditions neces- 
sary for efficient combustion, the great majority of 
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the bciler p'ants continue to waste from 10 to 50 
per cent of ibe coal they buy. An analysis of these 
losses will slow that by far the greatest is due to 
improper combustion in the boiler furnaces, and this 
in turn is caused by improper regulation of the fuel 
and air suppiy. 


The toad on any boiler is subject to variations de- 
pending on the nature of the plant, but in no case does 
an absolutely constant load exist. In order to take 
care of the variations in load the fireman adjusts the 
amount of fuel and air supplied to his furnaces in ac- 
cordance wiin the pressure of steam. If the ste: m 
pressure starts to drop he increases the fuel and air 
supply, and ii the pressure starts to increase he re- 
duces the fuel and air suppiy. The difficulties are 
encountered in making these adjusiments. — First, 
when 9a chanve in the rate of fuel feed has Leen made 
it is difficult te mzke the corresponding change in 
rate cf air suvpiv so as to maincam the correct ratio 
between fuel and air. In the second place, it is dif- 
ficult to determine in advance just how much of an 
adjustment shoiid be made. The stecm pressure mty 
be dropping, due to a small increase in lond or to a 
‘arge increase, and the on'y way this can be determ- 
ined is to watch the pressure grge and see how 
rapidly the pressure falls. Coal and air are fed to a 
furnace to generate steam measured in weight of water 
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evaporated. Ji is apparent therefore, that the weight 
of water evaporated rather than the boiler pressure 
determines the amount of coal and air which must he 
supplied. | 
Working on this principal the engineers of the 
Hagan Corporation have developed a system of com! 
bustion control which operates primarily from  va+ 
riations in the rate of steam flow. The amount of 
steam a boiler wil! deliver for a short interval depends 
upon the rate at which steam is taken away from boiler 
rather than upon the rate at which heat is being ab- 
sorbed by th2 boiler. The rate of steam flow, there- 
fore, is determined not by the rate of heat absorption 
by the boiler, but by the load on the boiler. It is 
apparent, therefore, that if fuel and air can be supplied 
to a boiler furnace in accordance with the rate at 
which steam is 
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come. If idcal 
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ol the steam supp Hy to stoker engines, Would be entire- 

an engines and turbines. ; 
A—Adjustment for minimum opening. IN practical, and 
would give the 


B—Angling bar. 
C—Rotation adjustment screw. best possible re- 
sults. There 
are many variables to take into account, how- 
ever, which might cause the steam pressure to rise in 
the beiler at the same time that the load was increas- 
ing. It is, therefore, necessary that the ideal regulating 
apparatus also be responsive to variations in steam 
pressure. This has been accomplished in the Hagan 
regulating apparatus, which responds primarily to 
changes in the rate of steam flow with compensation for 
variations in steam pressure if they occur. 


An important feature of this apparatus is that 
the movement cf the regulator motor is proportional 
to the variaiions of steam flow. There is no tendency 
for the mechanism to hunt from one extreme position 
to the other which has been a common fault of com- 


bustion regulating apparatus in the past. The accompany-. 
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ing chart shows a 24-hour record of the movements of a 
Hagan Master Regulator controlling the fuel and air 
supply in a piatic which was subject to wide fluctua- 
tions in load. It will be observed that the regulator 
seldom went to cither extreme position, and that most 
of the adjustments in fuel and air supply were of small 
amount. Larg2 adjustments occur daily only when 
there were large variations in steam demand. 


The reguistiig apparatus can be adjusted to make 
it sensitive to a variation of 1/16-inch of mercury 
charge in ditferential pressure. This sensitive opera- 
tion is desirab'c for certain plants, but would be en- 
tirely impractival in others. The apparatus is, there- 
fore, designed sm that adjustments of the sensitiveness 
can be made, and the desired degree of sensitiveness 
which will best meet any set or load conditions can 
readily be secured after the apparatus has been put 
into operation. The Hagan Master Controller is de- 
signed to take a stroke of 10 inches and is made in 
sizes to suit plant conditions. In the case of natural 
draft stokers, the adjustment of the boiler dampers 
and control of the stoker speed are so proportioned 
that the rate of fuel and air supply will be correct for 
all rates of combustion. In the case of forced draft 
stokers, the forced draft fans and the stoker drive are 
controlled, and it desired the boiler dampers can -be 
handled also. 

An imporiant part of this control apparatus is the 
Roto reciprocating valve, used to control the steam 
supply to stoker engines, fan engines and turbines. The 
power required tc drive the average stoker is very 
small and a valve which is capable of accurate adjust- 
ment must be employed. The Hagan Roto reciprocat- 
ing valve is of the piston type, and has a combined 
motion of reciprocation and rotation. The minimum 
opening of the valve can be adjusted to give the de- 
sired minimum speed of engine or turbine, and after 
this minimum has been established it can be properly 
set and will not be affected by any adjustment which 
may be made for rate of opening or maximum opening. 
The reciprocating movement of the valves is secured by 
a connection from the master regulator and the rota- 
tion is adjusted by means of an angling bar attached 
to the valve body. By adjusting this angling bar, the 
rate of valve opening can be regulated to suit an engine 
or turbine driving a stoker where the torque is prac- 
tically constant, while another valve operated from the 
same master regulator can be so set that the rate of 
port opening corresponds to the increased power re- 
quired to drive the forced draft fan. It is, therefore, 
easy to secure the correct relation between fuel and 
air supply for any given rating, and uniform fuel bed 
conditions therefore result. 

Since the fuel and air supply can be properly pro- 
portioned to ue another and can be increased or de- 
ceased in unison, in accordance with the demand for 
steam, the extreme variations in furnace temperature 
which ordinarily exists in the average furnace are re- 
duced to ‘an absolute minimum. This means longer 
life of furnace brick work, less maintenance to stoker 
parts, and more uniform circulation of the water in 
the boiler, which is an important factor in preventing 
the burning out of tubes. 
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Notes on Boiler Feed Water Treatment 


Thermal Losses Due to Scale—Impurities Usually Encountered 
and Some Suggestions as to Methods for Removing Them—Flexi- 
bility of Treatment to Meet Varying Conditions Desirable. 

By THOS. G. ESTEP. 


Ike Blast Furnace 


HE tendency in the modern steam plant towards 
higher steam pressures and greater boiler capacities 
has made it necessary to give a great deal of con- 

sideration to the problem of securing a boiler feed water 
that can be used safely and satisfactorily under the new 
conditions. 

There is no coubt but that the thermal losses due to 
scale have been greatly exaggerated and due to this ex- 
aggeration, very often more money has been spent in 
keeping tubes clean than would be lost by a moder- 
ate amount of scale. Without having any definite data 
at hand, it is the writer’s opinion that a boiler feed water 
that requires frequent blowing down will be more waste- 
ful than one that produces scale in small quantities. 


The results from a great many tests show that it is 
impossible to state thermal losses due to scale in terms 
of the thickness. Probably the most complete tests that 
we have on this subject are those made at the University 
of Illinois and they illustrate the great variation in ther- 
mal conductivity of scale. For example, one test showed 
a decrease in conductivity of 9.1 per cent for a scale .02 
of an inch thick and another a decrease of only 6.75 per 
cent for a scale .13 of an inch thick, both scales having 
the same appearance. It is quite evident that the decrease 
in thermal conductivity due to scale depends upon thick- 
ness, texture and chemical composition. 

With the great increase lately in the cost of fuel, the 
losses from scale are no doubt important but the increase 
in boiler capacity made possible by the modern stoker 
has made the elimination of scale an absolute necessity 
if continuous and safe operation is to result. A boiler 
containing even a thin layer of scale cannot he operated 
at 300 to 400 per cent of rating without tube failures and 
large repair bills. At the high ratings, not only must a 
greater amount of heat be absorbed in a given time but 
the higher velocity of steam particles is very favorable 
to both incrustation and corrosion. 

Since water is so nearly a universal solvent, it 1s very 
rarely that a natural water can be found in sufficient 
quantities that will be free from objectionable impurities. 
This being the case, some form of boiler feed water 
treatment must become an integral part of the modern 
steam power plant. _ 

The impurities usually encountered that are obtec- 
tionable are the carbonates and sulphates of lime and 
magnesia, some of the chlorides, particularly magnesium 
chloride, the alkali salts, sewage and organic matter, clay 
and silicon in suspension. 

The carbonates of lime and mavnesia are held in 
solution by an excess of carbon dioxide and hence, will 
be thrown out of solution by driving off the carbon diox- 
ide by heating. If feed water is heated in an open heater 
to 212 degrees F., practically all of the calcium and 
magnesium carbonate will be precipitated and the pre- 
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cipitate passing into the boiler comes in contact with 
other solids and forms a scale on the heating surfaces. 

If the water could be carefully filtered after leaving 
the heater, no trouble would be experienced from car- 
bonate scale but these salts are very difficult to separate 
by filtration and this method is not practicable. Sedi- 
mentation will not answer because these salts settle very 
slowly, calcium carbonate settling at the rate of about 
two inches per hour. It is evident then that heating the 
feed water will not bring much relief from the capponate 
impurities. : 

The sulphates of lime and magnesia are solaable in 
cold water but almost insoluable in water at 284 degrees 
F. or above so that these salts will be thrown out at the 
temperature attained in the boiler. These two salts pro- 
duce a very hard impervious scale and are the most ob- 
jectionable of the incrusting solids. This scale would be 
soluable in cold water but is practically insoluable at the 
high temperatures obtained in the boiler and hence, grows 
continually worse. 

The magnesium chlorides and sulphates will cause 
corrosion and pitting. This must be corrected by chemical 
treatment. . . 

The soditim and potzeienn salts are supposed to cause 
foaming but there is a great deal of evidence that foam- 
ing is caused by suspended matter rather’ than salts in 
solution. Since boiler scale will be broken up by these 
salts, and remain in suspension, it is this that causes 
foaming and not the salts themselves. Whether this is 
correct or not has not been definitely-egtablished. It is 
true that in water treating plants using soda ash, if this 
chemical is used in excess, foaming will result and the 
immediate remedy then is blowing down and filling again. 
If the water in the gauge glass has a muddy appearance, 
it is a pretty sure stem-+that the soda ash is in excess. 

Sewage and suspended matter can usually be taken 
care of by filtration, sometimes a coagulant is necessary. 
Oil and organic matter can be removed from the boiler 
to a certain extent by a surface blowoff. 

The high steam pressures that are now in use in 
some plants and planned for in others make the use of 
economizers a necessity if good economy is to be secured. 
This need is also accentuated by the higher stack tem- 
perature resulting from higher ratings. | 

To use an economizer successfully the gases must not 
be cooled below their dew point. This means that the 
feed water should be heated to 210 degrees F. or higher 
before reaching the economizer. If this is done and there 
are any carbonates in the water, these carbonates will 
form hard scale in the economizer tubes and soon lower 
its efficiency. As the temperature is raised in the econo- 
mizer some of the sulphates will also be thrown out and 
add to the trouble. 


(Continued on page 214) 
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CORRECTION OF ERROR AND ADDITIONAL APPLI- 
CATIONS OF CALORIZING. 


On page 109 of the January issue of THe BLast FURNACE 
AND STEEL PLANT an illustration was shown which is again 
reproiluced on this page. In the article appearing in that 
issue a caption was placed under the illustration, wiich read 
“Calorized Annealing Boxes.” This was an error. The 
illustration was intended to show the results which caloriz- 
ing could prevent. The caption should have read, as follows 
“Annealing boxes burned to a crisp and condemned as scrap. 
Calorizing would prevent this.” The cut referred to is shown 
in Fig. 1 on this page. , 


As explained in the previous article the purpose of the 
calorizing process is to prevent oxidation of metals which 
are subject to high temperatures. It is of interest to draw 
attention to some of the more important industrial uses to 
which this process has been successfully applied. 


Calorizing has been put to a great variety of uses includ- 
ing its application to retorts, carbonizing and annealing 


" — 


Fig. 1— Nest of annealing boxes burned to a crisp and con- 
demned as scrap. Calorizing would prevent it. 


boxes. pyrometer tubes furnace castings, tubes for prehcat- 
ing air, flue lining. pipe for conveying molten glass, torch 
nozzles. blast furnace, tuyeres. oil crackers, soot blower 
units, lead pots, valve and piston heads for Diesel engines, 
preteating coils for oil burners, hot bulbs for oil engines, etc. 


Carbonizing and annealing boxes and a variety of heat- 
treating equipment of this nature has been successfully 
ealorized. The calorization prolonging its life from tkree 
to 30 times. 


Calorized Pipe and Tubes for Heat-Treatment Processes and 
for Boilers, Condensers and Econcemizers. 

It is entirely feasible to make up calorized coils of pipe 
and a wide variety of shapes. lengths, and sizes. Straight 
pipe % inch to 18 inches diameter has been calorized in 
lengths up to 20 fcet. 
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Calorized steel is particularly adapted to pyrometer pro- 
tection tubes because of the high temperature to which they 
are exposed. Not only is it cheaper t! an any of tne chrome 
steel alloys w!ich have at times been offered for this pur- 
pose, but it possesses other advantages as follows: Greate- 
uniformity of structure of material due to natural superiority 
wrought steel tube over a cast tube; non-porosity; decrease 
in the “lag’’ on pyrometer readings: special shapes can be 
bent from standard tubing either before or atter calorizing, 
eliminating the expense of special castings. 


Furnaces, Ovens, Kilns and Retorts. 


Many furnaces, kilns ovens and retorts employed in 
various manufacturing processes were originally made of 
iron or steel. T*is metal had a limited leat-resisting quality 
and was reduced to scrap in a short time. It was frequently 
repiaced. but its life was short becavse of the exces-ively 
high temperatures and the repeated performarce continuing ir- 
definitely. As the price of the metals increased. the use of 
the other materials was considercd by engineers in an effort 
to reduce costs. They built these furnaces from firebrick 
and various refractory materials. In a great many instances 
these materials were used at a loss of 25 per cent to 75 per 
cent in cfhictencv, but were adopted because the repair costs 
on iron and steel were prohibitive. Calorizing can be ap- 
plied to metal furnace linings, baffle plates, etc.. the cost of 
these calorized plates per unit of service being in a gv-eat 
many cases much less than that of refractory mnterials. 
There is an unlimited held for calorizing as applied to equip- 
ment of this nature. 


Fig. 2—A sma‘! fortion was cut from the cover of this an- 
nealing box, ca'orized and welded back. It was then 
tested. The recult cf the test is clearly shown. 


Heat-Treating Fcu'pmcent. 


Perhaps the largest and most easily developed field for 
calorizing lies in its application to the various pots. boxes, 
tubes. retorts. and special equipment employed in the many 
heat-treating processes. A large quantity of the above nicn- 
tioned articles have been successfully calorized. their aver- 
age life being over eight times that of the uncalorized equip- 
ment, resulting in a great saving by the use of calorized 
equipment. 


History of Development. 


The General Electric Company of Schenectady. New York. 
evolved and developed the best present known metkod of 
preventing oxidation at high temperatures. This process. 
known as calorizing, was used by them with great success 
in connection with their manufacture of electrical heating 
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devices. The Diamond Power Specialty Company of Detroit, 
Micn., was attracted to calorizing. as a means of preventing 
the oxidation of their blower units which were placed in the 
ligh temperature areas of boilers. This concern applied the 
new process to their product with mosi successful and grati- 
fying results. 

A plant was established in Detroit to carry on the caloriz- 
ing of t.e Diamond Power Specialty Company’s require- 
mcnts, and many prominent metallurgists, chemists and men 
connected with large mechanical industries visited the Detroit 
plant to investigate the new process. This resulted in such 
a demand for the calorizing of outside requirements, that 
the Calorizing Corporation of America was eventually formed, 
and furnace equipment installed to care for the commercial 
business. 


The application of the calorizing process to the require- 
ments of the many varied industries of the country called 
for much investigative devclopment, and over $100,000 was 
spent in constructing and determining the proper furnaces 
to meet conimercial needs. The capacities of the furnace 
retorts were increased until at present the largest retorts 
approximate 24 feet in length. Kequirements for some of 
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Fig. 2—Micro-pkotograrh showing cross-section of calorized 
steel tubing. 


the largest industries of the country have been calorized, and 
te life of the calorized parts increased from 10 to 30 times, 
according to the conditions of temperature and use. Parts 
made of cast iron, black or wrought iron, malleable steel, 
nickel-stecl, nickel. copper, brass and bronze may be calor- 
ized very satisfactorily. 


Frocess of Calorizing. 

The process of calorizing incorporates the impregnation 
of the surface metal of the treated parts with pure aluminum, 
ard ihis impregnation penetrates to a depth of one-fortieth 
to one-liftieth of an inch for usual requirements. However, 
by extending the time of the processing this impregnation 
can be increased appreciably. So long as the homogencous 
alloy surface resulting from the calorizing, is not broken up 
by drilling or otherwise machining, resistance to oxidation 
is afforded in combustion temperatures ranging up to 1.800 
degrees F. The catorized surface is comparatively smooth, 
and tre process does not change the physical characteristics 
of t’e metal, excepting to accomplish a slight anneal. result- 
ing from the temperature of the furnaces during the process. 
‘The expansion and contraction, and the tensile strength of 
the metals are the same as before being calorized. 


In addition to resisting oxidation in high temperatures, 
calorized metal will resist the action of certain acids and 
gases not encountered in combustion. Calorizing offers a 
large application to equipment and production parts ex- 
posed to oxidation from heat, and solves many mechanical 
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problems, as well as establisting a iarge economic value. 
The economy in the use of calorized metal parts is not only 
represented in the actual value of the parts that have to be 
replaced, but also in the large labor-cost involved in the 
rep!acement. and the further very important expense of lay- 
ing up of equipment and the loss of production. Calorizing 
is applicable to parts and equipment used by furnace builders 
oil refiners, pyrometer users and manufacturers, and the 
makers of furnace parts. burners, ecngifie exhaust valves, 
super! caters. vaporizers, economizers, carbonizing and an- 
nealing boxes. and a range of production too numerous to 
comprchensively list. 


New Plants to Be Built. 


At the present time the plant in Detroit is the only one 
of its kind in the world, but within the next 30 days a piant 
will be estadlished at Hartford, Conn.. and it is intended 
that eventually plants will be established throughout the 
country to care for t*e requirements of the various terri- 
tories. The Calorizing Corporation of America operates as 
prime licensee under the patents owned hy the General 
Electric Company, and has the right to sublicense the pro- 
cess to responsible concerns w. ose requirements warrant 
fhe instal'ation of a calorizing department. Arrangements 
will also be entered into on a license basis with interests 
desiring to establish plants for the calorizing of general com- 


Fig. 1—Tvo p‘ecesc of evtra heavy wrought ‘ron pine the 
upper ca’o-ized the lower uncalorized, after subjection 
to tke sulphur diox:de test. 


mercial requiremenis. With the past accomplishment in this 
lire ot work. and the tremendous field and onnortunity 
offered for future development, calorizing is certain to piay 
a larze part in the use of metals among the industries where 
oxidation is experienced in high temperatures. : 


Inasmuch as this process is relatively new there are 
doubtless many possible applications of calorized metal 
which Fave as yet not been considered. The Calorizing Cor- 
poration of America. Detroit. Mich.. has issued a verv in- 
teresting booklet entitled “The Protection of Metals From 
Oxidation at High Temperatures” by W. FE. Ruder. which 
is of exceptional value to anyone interested in this subject. _ 


In connection with a program calling for about $15.0C0.0C0 
for new construction work. the Cambria Steel Company, 
Jo‘nstown, Pa.. is planning for a number of immediate im- 
provements at its works. A new plant will be constructed at 
the Franklin works at a cost of about $1 750.CCO, to be used 
for the manufacture of tank cars. A large number of too!s 
will be installed. At its Johnstown plant the company will 
build two large boiler p!ants with capacity of about 1200 
hp. and estimated to cost with equipment, close to $2000 000. 
At the Franklin works it is proposed to use about 8,00 hn 
of t! is total output, and at the Cambria works the other 4 0CO 
hp. The plants will be equipped with watertube boilers, su- 
perheaters, and considerable auxiliary Operating equipment. 
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IRON AND STEEL NEWS OF THE BIRMINGHAM 


DISTRICT. 


Smaller manufacturing companies with capitalization rang- 
ing between $50,000 and $250,000 are in the course of organiza- 
tion in the Birmingham district and plants of more or less size 
giving employment to from 10 to 50 and even 100 men in each 
will be constructed by each concern. These industries will be 
a fact before middle summer, announcements to be made in the 
sear future of several corporations being formed to take up 
manufacture at once. The industries will be located in the city 
and just outside the city limits. Negotiations are under way 
in a number of instances for the sites while in other cases deeds 
are being drawn up. Until all papers have been drawn up an- 
nouncements will be withheld but the list includes plants using 
iron and steel, woodworking industries, etc. 


All plans are now complete for the starting up of the plant 
of the Birmingham Coke and By-Products Company on Febru- 
ary 25, the first coke to be turned out on that date. Announce- 
ment is made that contracts have been made for the disposition 
of all of the products of the industry including coke, sulphate 
of ammonia, benzol and other things. 


The gas will be furnished to the National Cast Iron Pipe 
Company, a rivet and foundry plant and other industries at Tar- 
rant City and Boyles, and inducements are being offered other 
smaller industries for that vicinity. The expectations are that 
when once the 50 by-product coke ovens are in operation there 
will be no letup in the activities for an indefinite period. 
The coal is to be brought from the Majestic and Bradford 
mines and already arrangements are being made for stocking 
bins so that there will be no trouble when once the plant is 
going. 


Railroad representatives report shipments of products of the 
Birmingham district to far off points, cast iron pipe being shipped 
to the extreme Western section of the country as well as to the 
Northwest; pig iron movements are to the New England states, 
as well as to the Northwest; sanitary pipe is moving from the 
Birmingham district in various directions while steel wire and 
wire products are being destined to the Southeast for export 
and elsewhere, much long haulage stuff being offered by manv- 
facturing concerns here. For that reason railroads with con- 
nections with the initial roads of this district are to establish 
agencies here when the railroads are returned to private owner- 
ship in order that the business can be solicited. 


Thousands of tons of cast iron pipe will he shipped this 
year into the West and Northwest from this region. Pig iron 
sales beyond Chicago will aggregate considerable. Other pro- 
ducts of this district are being sold which will have to be hauled 
many miles. Even coke is to be moved in quantity to the South- 
west. 


Throughout the district there is much interest being mani- 
fested in the announcements being looked for from the Tennes- 
see Coal, Iron & Railroad Co., or rather the United States Stcel 
Corporation the parent organization, as to development plans 
for the present year. It is known that consideration has been 
given looking to further development at Fairfield, the nature of 
which is not yet to be given publicity. 

The various industries of the Birmingham district are onerat- 
ing on what might be termed full capacities, that is the iron and 
steel industries and the apparent unlimited amount of business 
being offered for the future is responsible for the consideration 
of new industries. Cast iron pipe and sanitary pipe shops are 
well laden with business and quotatons of the products are he. 
ing advanced. Cast iron pipe prices Monday advanced $3 per 
ton, the 4-inch pipe going to $69 and the 6-inch pipe to $60. 
Charcoal iron has advanced to $55 per ton and there is a splendid 
demand for the product. 
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eee WELDING AND CUTTING DEVELOPMENTS. 
(Continued from Page 202) 


‘aches in 12 minutes and a 21-inch shaft was cut completely off 
in about 15 minutes with this gas. 

Tests have also been made which demonstrated thet most suc- 
cessful and economical welds can be made on cast iron, alumi- 
num, brass and copper and that it ts a very efficient gas for Jead 
burning. 


Electric Cutting Department. 

Various attempts have been made from time to time to de- 
velop apparatus which was commercially practical for cutting 
with the electric arc. The amperage required 1s so much greater 
than for welding that motor generator sets have been considcred 
too expensive to install and too heavy to-be made dortable for 
electric arc cutting. Recently, however, an alternating current 
transformer type machine has been developed which weighs 
only about 400 pounds. 

For cutting scrap at least 600 amperes are needed with car- 
bon or graphite arc to make sufficient progress to realize on the 
investment. The ac machine offers for these 600 amperes a com- 
plete portable outfit, consisting of a transformer, which can be 
connected to the existing power lines in the shop or near the 
scrap pile, in general olacing the machine near the scrap pile, run- 
ning the primary leads to the nearest power supp!y and conncct- 
ing one of the secondary leads to the scrap pile, the other to 
the carbon handle. 

The machine, due to its efficiency and low demand, will oper- 
ate, with the cost of power at Ic, at about 20c per hour. For 
this particular rough cutting this cost is very alluring as com- 
pared with gas, which runs from $2 to $3 per hour. For careful 
cutting, however, gas, due to its ability to cut without further 
need for machining. will be favored over electric cutting, and it 
is only on scrap cuttigg or such other rough work as cutting up 
cars or cutting rivet heads out of cars, or other steel to be 
scrapped, that the electric cutting with the graphite electrode is 
preferable. Where it is allowable, however, the cast is very 
much less. . 

One other development of electric cutting is an electrode 
which has a coating of chemicals which liberate oxygen at the 
temperature of the arc. During the war, this clectrode was much 
used for nicking shell stuck billets, and since then a field is be- 
ing developed which possibly will outstrip the shell stock nicking 
in importance and quantity. This is the cleaning out of seams 
and incipient cracks in blooms, especially blooms of alloy stee!. 
This same electrode uses the arc-liberated-oxvgen to gouve out 
the cracks to a rounded bottom with flaring sides and this at a 
rate greatly in excess of the ordinary chipping process. For 
this use again the ac equipment from its characteristics and from 
its ease of connection to existing power supply comes to the 
front as the logical process for the work. 


NOTES ON BOILER FEED WATER TREATMENT. 
(Continued from page 211) 


It is quite evident then, that to meet the new conditions that 
are obtaining in boiler plants today, some form of boiler teed 
water treatment must be used and if best results are to be ob- 
tained, that treatment must be flexible enough to meet the vary- 
ing conditions of the raw water. A compound or method of 
treatment that is based on a single analysis will answer where the 
water is taken from deep wells or from some source where it has 
a constant proportion of impurities but if the water is taken 
from a stream which acts as a natural drainage canal, then the 
composition of the water will vary from day to day and the 
treatment should also vary. In any event, the treatment shouid 
take place and the incrusting solids removed by filtration or. 
sedimentation before the water enters the harbor. As one engi- 
neer aptly puts it, “the only compound to put into a boiler 1s 
pure water.” 
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STATUS CF BELGIAN METALLURGICAL 
INDJSTRIES. 


Trade Commissioner C. E. Herring, Brusse!s, Dec. 23, 1929. 

‘Lhe Belgian iron and steel industry is beginning to re- 
turn to normal conditions although it will probably be the 
last of the important Belgian indusiries to regain pre-war 
production. Systematic savotage by ti.e occupying forces 
and removal of mac..inery and parts of meciianical apparaius 
was carricd turther in this industry than in any other. T. us 
at the time of the armistice, out of 54 blast furnaces in ex- 
istcnce in Belgium in 19/4, about 30 had been entirely de- 
stroycd or were so badly damaged as to necessitate extensive 
repairs. Of the 10] rolling miulis operating in 1914 in t.e 
Province of Liege and fTlainaut, 20 were completely ruined 
in the former and a large number in tle latter. 


It was in these two districts, w..ich comprise the great 
majority of metallurgical plants, that systematic destruction 
was carried on most assiduously. ‘lhus of the 23 blast tur- 
naces in the Lie:ze district in 1914, 10 were completely de- 
stroyed, and nine consideravly damaged. The roliing mills 
of tive large plants in the same district were entirety de- 
molis. ed; out of the 53 mulls opcrating in 1914, 29° were 
entirely dcstroyed and three serious!:y damaged. It 1s 
expected that avout 10 of the 53 mills in operation before tue 
war will be actively producing by the beginning of 1920. 

In the Province of Elainaut, 15 out of the 25 blast furnaces 
working before ihe war escaped destruction, but until recently 
only two of then were in active operation. The destructioa 
of puddling furnaces was particularly serious in the Hainast 
district, only 17 out of the 91 in operation before the war 
raving been relighted a si.ort time ago. Only six of the roil- 
ing mills in this Province Lad resumed production last Sum- 
mer, as compared with 48 mil!s operating before the war. 
The scarcity and high prices of semi-manutactured products, 
as well as the fuel shortage, continue to retard production. 


Cost of Replacing Des:royed Machinery—Shortage of Coke 
and Ore. 


Metlods of sabotage employed by the Germans were not 
always tle same; in some plants t’e entire equipment and 
buildings were destroyed, while in others the machinery was 
removed, and the furnaccs filled with concrete or rendered 
o:herwise useless. In still other mills and btast furnaces 
essential parts of machinery were taken away, making the 
wiole plant useless. One striking instance of sabotage may 
be cited. At the important Ougree-Marivaye steel works, 
wiich produced 50CCO tons monthly before the war aout 
44(CO metric tons of machinery and tools were scrapped and 
sent to Germany, about 4,(CO tons of equipment and rolling 
stock were taken away intact, and 26,000 tons of raw mate- 
riats were appropriated. The value of the destroyed ma- 
chinery and materials was cstimated at 45(COCCO francs, but 
replacement at present prices wil greatly exceed this figure. 
The work of recovering stolen machinery taken into Germany 
kas proceeded satisfactorily, but the restoration of the ruined 
and damaged furnaces and mills will eventually necessitate, 
of course, many new installations, which must be made at 
the present inflated prices. 


Thre erection of new, thoroughly modern piants tu repiace 
some of the o'der mills and foundsies which were destroyed 
will increase the future efficiency of the Belgian industry, 
towever. For instance, te Providence works at Marckienne 
are constructing a sieel plant to be completed by the end 
of 1©23 which will reduce former labor requireinenis to a 
minimum. 


The rapid revival of the Belgian iron and steel industry 
is, first of all, prevented by actual s‘ortage of buildings and 
mechanical equipment. Scarcely less serious than this ob- 
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stacle, however. is the acute stortage of coke and the con- 
suued difheulties of obtaining ore supplies. Belgium i.as 
always depenucd upow ivresg.a COulacs lor ore und for a 
large part of its coke-producing coal. In normal times this 
lack of raw materiais for the metallurgical indus:cries merely 
meant a comparatively slight increase in cost ot production; 
at present it means an enforced reduction of the outp:t 
which the furnaces and mills, only slightly damaged under 
the Gcerman occupation, mig!.t otherwise produce, and pre- 
vents the relighting of some furnaces. For instance, t..e re- 
lighting of the four furnaces of the important Societe de 
Sambre-et-Moselle, whose productive capacity is very large, 
is sill delayed by failure to obtain sufficient supplies of 
coke and ore. 


Steel Cutput Low Compared With Pre-War Production. 


At present (December 15, 1919) the steel production of 
Belgium is estimated at 17 or 18 per cent of the pre-war out- 
put. It tuel and other raw materials were available m= suai- 
CicNt Quantitics, it 1S CStiniated ti.at frem 40 to 50 per cent of 
t.@ pre-war production might even now be atiaimed m t..e 
restored and undamaged plants. The situation Las” re- 
cently been complicated by a railway embargo on tron ore 
in Lorraine, aid there have aiso beeu diffculties in obtaiaing 
customary supplies of ore from Luxemburg. Furthermore, 
{i.e ins.aiiments of industrial coal which Germany is obligated 
to provide under tie I’cace Treaty are said to arrive irreen- 
larly, and supphes of industrial coal are difficult to obtain 
from the Rhur district on account of transportation and o:zher 
ovstacles. Lhe acute shortage of freignt cars and other 
railway rolling stock on the Belgian railways is another con- 
tributing factor. 


In spite of these difficultics, Lowever, it is cxpected that 
tie present production of about 17 per cent will s.ort'y be 
augmented because of the lighting of new blast) turiaces. 
‘Lne unempioyment in the tron and steel industry has been 
wreatly dimintshced during the last few months, it having 
been stated t.at om Octover 15 about 13.CCO operatives were 
at work, us compared wiih about 24,CC0 employed in 1914. An 
indication of t.e present situation and prospects of tie Bel- 
gian steel industry is furnished by tne well-known Cockeril 
plant, the largesi in Lelgium which was greatly damaged 
during the war. ‘lhe director of this plant was recently 
quotcd as saying tlat for two, and perhaps tiree, years tue 
large Belgian plants will find it dithcult to prodace more 
than 25 per cent of teir normal output. Some plants which 
suffered Icss under the German occupation are, however, 
even now producing a considerably greater proportion of 
their pre-war output. 


The cost of production in tke iron and steel industry of 
Belgium tas increased enormously. ‘The high prices ru.ing 
for ores and fuel, together with the very high prices and 
exchange premium wich must be paid for imporis of senu- 
manufacturers necessary for reconstruction, seem to make a 
steadily rising market inevitabie. Another factor is. otf 
course, the increascd costs of transportation and the delays 
and uncertainties in receiving materials. As in otier Belgian 
industries, lahor ccesis have advanced ICQ per cent and more 
above pre-war levels. 


In spite of the grave difficulties confronting the industry, 
there bas been no weakness sown in the stocks of tie va- 
rious iron and steel plants. All of those now in opcration 
are booked far ahead wich orders, and it is said that former 
customers in export markets are generally secking to re- 
new their pre-war arrangements. At present, of course, the 
demand jor tron and steel products 1s so great that price 
competition seems to be of minor importance. 
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The Otis Steel Company, Cleveland, O., is planning for 
the construction of a new eight-inch mill in the vicinity of 
its present Riverside works. The plant will be equipped for 
the manufacture of all kinds of steel sheets, and details of 
the exact equipment installation are now being arranged. 
The company has been specializing in the production of 
sheared plates, light plates and steel sheets of various thick- 
ness, with plant consisting of a 72-inch plate mill and three 
other mills with two stands of cold rolls. 


The Apollo Steel Company, Apollo, Pa., is planning for 
the erection of several large additions to its plant for in- 
creased capacity. The work will include two new jobbing 
mills, with capacity for rolling plates up to 54 inches wide; 
four hot sheet mills for the rolling of sheets up to 48 inches 
wide, and two stands of cold rolls. The company is plan- 
ning to electrify its works throughout, and will install new 
electric apparatus, including an 1,800-hp motor for this 
purpose. The equipment at the new mills will be electrically 
operated. The other work at the plant will include the en- 
largement of the galvanizing department, and considerable 
new equipment will be installed in this branch of the works, 
including annealing and other apparatus. Three new 15-ton 
electric traveling cranes and two 30-ton electric cranes will 
also be installed. A new brick and steel warehouse, about 
70x350 feet, will be constructed, and plans are also being con- 
sidered for the installation of a plant for pulverizing coal. 
The company specializes in the production of galvanized 
sheets, with present plant capacity averaging about 5,000 tons 
of material a month. This output will be increased about 50 
per cent through the new construction work. It is planned to 
inaugurate ercction at an early date, and have the structures 
ready for service as soon as possible. 


The National Rolling Mill Company, Vincennes, Ind., spe- 
cializing in the production of billets, bars, etc., is planning. 
for the construction of two new one-story reinforced-concrete 
additions to its plant for increased operations. ‘lhe structures 
will be about 80x260 feet each in size. 


The Algoma Steel Corporation, Saulte Ste. Marie, Ontario, 
Canada, has completed plans for the construction of a new 
structural steel mill at its plant, for the production of struc- 
tural shapes of various kinds. The plant, with equipment, is 
estimated to cost in excess of $5,000,000. It is planned to 
inaugurate construction work with a gang of about 500 men 
at once, and to increase this complement to 1,000 men during 
the Summer. It is expected to have the plant ready for. 
operation in about 12 months, giving employment to a total 
of about 600 men. The company is now operating four blast 
furnaces, and these units will be used to furnish steel for the 
new plant. 


The Republic Iron & Steel Co., Youngstown, O., is plan- 
ning for extensive additions to its steel mills at Niles, O., to 
provide for considerable increased output. It is planned to 
build eight new hot mills, to be used for the production of 
sheet steel, and six new cold mills, to be completely equipped 
for all features of production. The company recently arranged 
for a stock issue of $800,000, to be used for the proposed ex- 
pansion. ———__-—_ 


The Weirton Steel Company, Weirton, W. Va., has ac- 
quired the coke plant of the Hillman Coal & Coke Co., known 
as plant No. 1 of the Thompson-Connellsville Coke Company 
in the Connellsville district, Pa. The plant comprises a total 
of 400 beehive ovens, with capacity of about 25,000 tons of 
coke per month. In connection with this acquirement the 
company has also secured about 1,000 acres of coal lands in 
the same section, and plans for extensive development work. . 


Google 


March, 1920 


TM A cere ce een Mn TE RU ee UL 


NEWS OF THE PLANTS 


—_— 


MPFYTDCQUOUTEOTERNGPODSTOYECNEQYVOGQTOCOTOOSONGUDENGSUONSOULTECT HELENE INCH EPRI iad 


Winfield S. Barnes & Co., Twentieth street and Erie ave- 
nue, Philadelphia, Pa., manufacturers of structural steel 
shapes, are having plans prepared for the construction of a 
four-story brick addition to their plant for increased capacity. 
The structure will be about 100x300 feet, and is estimated to 
cost approximately $200,000. Winfield S. Barnes heads the 
company. 


The Van Dorn Iron Works, East Seventy-ninth street, 
Cleveland, O., has plans under way for the construction of 
two plant additions for considerable increased output. The 
structures are estimated to cost about $50,000. 


The Judson Manufacturing Company, San Francisco, Cal., 
has completed the construction of a new 30-ton open-hearth 
furnace, making a total of three such units at the plant. 
kxtensive improvement work has also been under way, and 
the capacity of the rolling mill increased. It is said that this 
is the only plant on the Pacific coast which manufactures 
sand cast forging ingots. The company now has an open- 
hearth steel capacity of about 6,000 tons of material a month. 


The Frasse Stee! Company, Hartford, Conn., recently in- 
corporated with a capital of $1,000,CO0 to take over the busi- 
ness of the Peter A. lrasse Company, is planning for the 
construction of additions to its works for considerable in- 
creased capacity. A new shop building will be erected, 
about 25x320 feet in size, as well as a number of other struc- 
tures. It is planned to bring the capacity up to about 40,000 
tons of material a year; the present output is about 25,C00 
tons. A. E. Brion is president and Lester Brion is treasurer. 


Baldwin’s Canadian Steel Corporation, Toronto, Canada, 
is planning for the erection of several additions to its plant 
to cost about $1,000,000. Three new tinplate mills will be 
constructed, and present buildings remodeled and equipped. 
The company is now operating ten elcctric steel iurnaces and 
through the war period the plant was used for the manu- 
facture of munitions. This works was formerly the property 
of the British Forgings Company. 


Extensive construction work is under way on a number of 
new steel plants in Ohio for the manufacture of steel sheets 
and kindred specialties. The Superior Sheet Steel Company, 
Canton, is now building a plant comprising eight sheet mills, 
with cold rolling, annealing and galvanizing departments. 
The plant will have a capacity of about 60,COU tons of sheet 
steel per year. Extensive property adjoining the works has 
been acquired for proposed later additions. The Newton 
Steel Company, Newton Falls, organized in 1919, has under 
construction a large plant for the manufacture of sheets to 
be used for automobile manufacture. This plant will com 
sist of eight finishing mills, and will be equipped for 
annual capacity of about 48,000 tons of finished material. | 
1s planned to have the plant ready for service eariy in March. 
The Mansfield Sheet & Tin Plate Co., Mansfield, has con- 
Struction work well under way on four new sheet mills. The 
new extension will be ready for operation in March, and 
will give the company an annual output of about 80,000 tons 
of finished shect steel. The American Rolling Mill Company, 
Middletown, has commenced the construction of 12 new sheet 
mills at its plant. It is planned to have the buildings ready 
for operation early in July. The Crucible Steel Forge Co:n- 
pany, Cleveland, is planning for the eariy construction of 
an addition to its plant, about 60x9CO feet, to be equipped 
with heavy type mills and reheating furnaces. The com- 
pany specializes in the manufacture of steel and bars. 
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William H. Keen is now manager of tool steel pro- 
duction for the Hess Steel Corporation, Baltimore, Md. Mr. 
Keen has had extensive experience in the metallurgical in- 
dustries having been previously connected with the United 
States Copper Products Company and with the Firth Sterling 
Steel Company. The complete line of tool steels which the 
Hess corporation is now manufacturing will be in direct 
charge of Mr. Keen. 

Vev 

John D. Crawford, tormeriy connected with the Maryland 
Pressed Steel Company, Hagerstown, Md., as consulting 
engineer and in charge of research and development has 
taken a position with the Wellman-Seaver-Morgan Com- 
pany, in an engineering capacity. 

y Ly 


J. G. Coles, who was formerly with the Standard Forgings 
Company, has recently been appointed manager of sales for 
the Kropp Forge Company, Chicago. 

Vv 


E. F. Jones, formerly vice president of the Elyria [ron & 
Steel Co., Elyria, O., has been elected president of the Re- 
public Rubber Corporation and the Republic Rubber Com- 
pany, Youngstown,:O. 

Vv 

C. W. Owen has resigned as secretary and treasurer of 
the Old Dominion Iron & Coke Corporation, Roanoke, Va. 
Mr. Owen will be succeeded by O. Byrd Newton. 

Vv 


E. France is now connected with the Erie Forge Company 
in the capacity of consulting engineer. Mr. France was for- 
merly steel foundry superintendent for the Otis Steel Com- 
pany, Cleveland, O. 

> ¥ 

J. D. Jones was appointed general manager of the Algoma 
Steel Corporation, Ltd., Sault Ste. Marie, Ontario, effective 
February 21. Ox 


J. E. Fitzgerald, assistant general manager of sales of the 
Brier Hill Steel Company, Youngstown, O., and A. E. Quere, 
also of the sales department of the Brier Hill Steel Company, 
have resigned, effective March 1, to engage inthe sale of iron 
and steel products with sai a at Niles, O. 


L. F. Quigg succeeds H. H. Townsend as open hearth 
superintendent at the Franklin Works of the Cambria Steel 
Company. Johnstown, Pa. Mr. Quigg has been connected 
with the Cambria Steel Company for a number of years. Mr. 
Townsend is taking a position with the Haws Refractories 
Company at Johnstown. 
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‘.dward .\. Lembeck, formerly connected with the sates 
otces of the Republic Iron & Steel Co., Youngstown. ©. is 
now connected with the sales office of the same concern in 
the Oliver Building, Pittsburgh. 

y Vv 

W. H. Morris is now general superintendent of the Peer- 
less Coal Company, and the Mineral State Coal Company, 
located at Buckhannon and Moundsville, W. Va. Mr. Morris 
was formerly superintendent of the mining department of the 
Cambria Steel Company, Johnstown, Pa. 

yy 


W. W. Frazier has been appointed assistant superintendent 
of the Reading Iron Company’s tube works at Reading, Pa. 
Mr. Frazier has had very extensive experience in the steel 
industry, having been previously connected with the Lorain 
plant of the National Tube Co., La Belle Iron Works, the 
Youngstown Sheet & Tube Co., A. M. Byers Company, the 
United States Steel Corporation at Neville Island and the 
Sparrows Point plant of the Bethlehem Steel Company. 

V 


Paul W. Shale has been appointed secretary to James H 

Grose, president of the Brier Hill Steel Company. 
Vev 

Ed. E. Hughes, formerly general manager of the Franklin 
Steel Works, Franklin, Pa., is now engaged in another line 
of business in New York. Mr. Hughes maintains his con- 
nection with the Franklin Steel Works in an advisory ca- 
pacity and with the title of vice president. C. F. Mackey, 
formerly assistant general manager succeeded Mr. Hughes. 


P. D. Mackey is now general superintendent of the Eastern 
Steel Company, Pottsville, Pa. Mr. Mackey has recently 
resigned his position with Henry Disston & Sons, Tacony, 
Philadelphia. Mr. Mackey has been connected with the steel 
industry for a number of years, having been previously con- 
nected with the Carnegie Steel Company, Republic Iron & 
Steel Co., Colorado Fuel & Iron Co., and the Bethlehem Steel 
Company. 

Vv 


Willard S. Haring is now assistant general manager of 
sales for the Alan Wood Iron & Steel Co., Philadelphia. 
"Hd i dalla Vv 


Walter B. Eichleay, of the John Eichleay, Jr. Company, 
Pittsburgh, has been elected president of the Monongahela 
Iron & Steel Co.. Pittsburgh. Mr. Robert Lock, who was for- 
merly president of this concern, has resigned from that po- 
sition and is now interested in a new company, which is to 
erect a sheet mill at Ashtabula, O. 
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Luther A. Davis, formerly production superintendent of 
the Standard Screw Company, Corry, Pa., is now connected 
with the Hydraulic Pressed Steel Company, Cleveland. 

v Av 

W. P. Starkey has resigned as vice president and general 
superintendent of the IHarrisburg Pipe & Pipe Bending Co., Har- 
risburg, Pa. Mr. Starkey will be actively engaged in super- 
vising the interests of the Starkey Produce Company. 

vy: 

W. H. Lemont, with headquarters at Benwood, W. Va., is 
safety director of the plants of the Wheeling Steel & Iron Co. 
y Y 

Gilbert F. Close, who has for the past year and a half 
served as a confidential employe at the White House, has 
accepted a position as assistant to the president of the Com- 
monwealth Steel Company, St. Louis, Mo. 

Vv 

Roy E. Brakeman is now general manager of the Otis 
Steel Company, Cleveland, O. Mr. Brakeman served in a 
similar capacity at the Fairfield, Ala., plant of the American 
Steel & Wire Co. 

: Ve" ¥ 


Lewis H. Miller, formerly connected with the Babcock & 
Wilcox Co., Baberton, O., has become mechanical engineer 
of the Cromwell Steel Company, Lorain, O. 

Vv 

Dr. Arthur B. Hitch, formerly chief chemist for the Ash- 
iand Iron & Mining Co., Ashland, Ky., ‘has accepted a posi- 
tion of research chemist with the E. I. du Pont de Nemours 
& Co., Inc., at Wilmington, Del. 

Vv 

W. H. Ramage has been promoted from assistant chief 
engineer to chief engineer of the Brier Hill Steel Company, 
Youngstown, O., succeeding Harry Z. Bixler, who has re- 
cently resigned. Mr. Bixler has been chief engineer of this 
company ever since its incorporation, and was formerly 
chief engineer of the Youngstown Steel Company prede- 
cessor of the Brier Hill Steel Company. 

Viv 

Gustav A. Merkt has been appointed chief engineer for 
the Clinton-Wright Wire Company, Worcester, Mass. Mr. 
Merkt was previously connected in a similar capacity with 
the American Tube & Stamping Co. 

Vv 


G. D. Cameron has been elected to the board of directors 
of the Youngstown Sheet & Tube Co., succeeding Amasa 
Stone Mather. deceased. A. E. Adams succeeds Hugh B. 
Wick. 


FF, L. Collins has become affiliated with Freyn, Brassert 
& Co., 645 Peoples Gas Building, Chicago, as power and 
electrical engineer. Mr. Collins, formerly was connected 
with the Illinois Steel Co., at South and Gary works and with 
the Universal Portland Cement Company, at Buffington, as 
electrical engineer. He later joined the Dominion Iron & 
Steel Co., Ltd., Sydney, N. S., as chief clectrical engineer. 
Subsequently was connected with the ordnance department 
of the United States Steel Corporation, at Neville Island, 
near Pittsburgh and lately was chief clectrical engineer of 
the Pittsburgh Crucible Steel Co., Pittsburgh. 

Vv 

Thomas J. Fitzgerald, formerly chief engineer of the 
Midvale Steel & Ordnance Co. at the Eddystone Rifle Plant, 
Eddystone, Pa., is now vice president and works engineer of 
the Sturdi-Truck Manufacturing Co., Holyoke, Mass. 


Vv 
The Phoenix Iron Works Co., Meadville, Pa., announces 
the appointment of K. B. Thorndike as sales engineer, in 
charge of its New York office, Fifth Avenue Building; also 
the opening of its Boston office in the Old South Building, 
with Paul C. Rodgers, district sales manager, in charge. 


George Satterthwaite, vice president and treasurer of the 
Tacony Steel Company, Tacony, Pa., since March, 1919, has 
been elected vice president of the Penn-Seaboard Steel Cor- 


poration. 
Viv 


Charles O. Gustavsen is now superintendent of the bar 
mill of the Canton Sheet Steel Co. Mr. Gustavsen was for- 
merly foreman of the roll shop of the Lowellville works of 
the Sharon Steel Hoop Co., he also was connected with 
the Colorado Fuel & Iron Co., Pueblo, Colo. 

Ve wv 

John B. Warren has been elected president of the Penn 
Seaboard Steel Corporation, New York. Mr. Warren was 
formerly president and general manager of the Tacony Steel 
Company, which has recently been acquired by the Penn 
Seaboard Steel Corporation. 

Vv 


S. H. Yahres, for a number of years connected with 
MacIntosh, Hemphill & Co., and for the last eight years sec- 
retary in that concern, has resigned. 


David E. Tracy, formerly general superintendent and 
for the past five years president of the Harrisburg Pipe & 
Pipe Bending Co., Harrisburg, Pa., resigned as president 
at the recent meeting of the board of directors. 
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INDUSTRIAL RELATIONS 


SAFETY PRACTICE IN THE STEEL INDUSTRY. 


The National Safety Council has recently issued a bulletin 
No. Me 2 on “Safe Practices” which has particular reference to 
the steel industry. The pamphlet is intended to cover the funda- 
mental safety requirements of blast furnaces, cast houses, stoves, 
gas cleaning apparatus. skip hoists, pig casting machines, stock 
houses, and stock handling machinery. While gencral in their 
application, many of them unquestionably will have to be adapte ! 
to local conditions and construction. The following excerpts 
are taken from this bulletin. 


Furnace Stack. 


A telephone or speaking tube should be provided at each blast 
furnace, between the skip hoist operators’ house and the stove 
tenders shanty. This installation should include a connection 
to the furnace top for use ot signal men or men engaged in con- 
sructing, repairing, or inspecting the top of furnace. A gong, 
whistle, or other alarm located at the above mentioned points 
should supplement this equipment. It is also advisable to have 
some means of quick communication between the cast house or 
blower’s office and the skip-hoist operator’s house. 


Standard platforms. with railings and toe boards, should be 
installed at afl elevated points where employes must go daily, 
or frequently, to perform their duties. Such platforms should he 
provided for the outrigeers on top of the furnace, at steam or 
air cylinders, for the bells. and at the explosion valves. Perma- 
nent stairwavs or ladders of substantial fireproof construction 
should be provided as means of access to all platforms. 


Some of the larger companies have found where it ts possible 
for one elevator to serve a group of furnaces, that this arrange- 
ment is desirable from an operating standpoint. Such an ele- 
vator may be used for handling small material, also for hoisting 
men, thus assuring closer supervision of the top mechanism. 
Where the installation cost of a small. passenger elevator would 
not be excessive, and a group of furnaces could advantageously 
be served by one, such an installation wouJd seem advisable. The 
elevator is usually installed to connect with the upper stove 
platform. 


A steam connection (not less than 2-inch) taken from a 6- 
inch steam line is recommended for both the dust catchers and 
the cold blast mains. Two steam connections are recommended 
for the cold blast pipes—one near the snort valve at the 3toves 
and the other one near the engines. It is recommended also 
that there be two valves in the steam connection to the ccld- 
blast pipes, one closing it against air pressure and the other 
against steam pressure. A drip cock between these valves should 
be left open to detect leaks and prevent Jeakage of steam into 
the blast. 


Gas Cleaning Systems. 


Every reasonable precaution should be taken to obviate the 
necessity for men working in gaseous areas. All cleaning and 
repairing of washers or driers while the furnace is :n operation 
should be done only after water valves and goggle valves have 
been closed. Particular attention should be given to the design 
of the bottom of the washer where the waste water is discharged 
Clogging may be prevented by discharging the bulk of the water 
through a syphon pipe ferming a gas seal and providing a sepa- 
rate drain (quick acting valve) at the lowest point of the seal. 
or by some equally etficient means, which will prevent an ac- 
cumulation at the point where the sediment usually collects. 

The water seal should be piaced as near the furnace as pos- 
sible, not more than one dust catcher intervening between the 
water seal and the furnace. 

Care is necessary in designing the gas inlet connection so as 
to minimize the possibility of accumulations of fiue dust forming 
at this point, also to provide facilities for safely and easily 
removing such accumulations. 
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One or more valves by which the gas can be shut off from 
each side should be provided at all gas cleaning and washing 
plants, in addition to the water seal ahead of the washer. A 
plate (goggle) valve is recommended. 

In addition to the gas valves mentioned above, 
should be made so that any furnace may be completely cut oft 
from the main gas leads. It is advisable that a sufficient number 
of flush valves be provided so that mains may be readily washed 
out from the outside during operations. 

A sufficient number of manholes should be provided in ali 
gas mains for ventilation and ready access. It is revomulenced 
that manholes be at least 21 inches in diameter. 


Breathing apparatus should be provided for use of workmen 
who must enter gaseous areas. 


provisions 


Cast Houses. 


Casting holes where ladles are loaded under the floor snould 


preferably be grated. Where gratings are not practicable rail- 
ings should be provided. 


Cast house floors should be amply provided with exits, to pre- 


vent men being trapped in event of a breakout. 
sufficient in width to permit quick escape. 

A hinged or removable shield, or other efficient means, should 
be provided for the protection of workmen at cinder and iron 
notches. 


Pig Machines. 


These should he 


Shield or shelter houses should be provided far the protection. 


of the pourers. 


Pig machine chains should be sheeted under-., 


neath at passageways, and where men are stationed. A shield. 
should be provided at the discharge end of conveyor to protect. 


end men from flying spalls. A brick wall or steel plate partitio: 
should be provided to protect ladle cleaners. Some companies 
have adopted the practice of keeping kish pits drained and 
spraying water on the hot kish. Valves, switches, and operat- 


ing levers that control the movement of machinery covered by. 


these sugcestions should be provided with locking devices. 
Blowing Out Blast Furnaces. 

When gas is no longer suitable for use in staves or boilers, 
and water seals are to be filled, steam should be immcdiately 
turned into dust catchers between water seal and furnaces. All 
bleeders on dust catchers should be kept closed, thus driving she 


gas out through the top of the furnace where the bleedars are. 


open. Water sprays should be put in iry holes and on big bell. 
The big bell should be kept partially cpen, heid tight against 
chains, rods or lugs inserted between bell and hopper. 

While blowing out a blast furnace the bell and hopper should 
never be kept cool by closing the bells tightly and filling the 
hopper with water. Very disastrous resu'ts have occurred MESS 
this dangerous practice was followed. 

When, during the blowing-out period the blast has been Fea 
off at casting time, or otherwise, the warer choul-l be shut off on 
top until blast is again put on. 

When a turnace is blown out and after the blast is taken off 
the tuyeres should be plugged with clay and the blow pipes should 
be taken down one at a time, following in turn around the tur- 
nace so that in case any ot the scaffoi'ding should fall, the danger 
to the crew is minimized. The furnace floor should be roped 
off and no one permitted to eo near the furnace except under 
personal instruction of the foreman. Steam shouid pe kept go- 
ing into the dust catcher system fcr at icast 24 hours aiter the 
blast is taken off the furnace. ; 

The blowing engine shovld not be completely stopped but 
should be kept slowly running antil al blow pipes are down and 
the tuyeres are plugged with clay. .\iter the tuyere, are plugged. 
and the blast is completely off, water should ne kept goimpg into 
the top of the furnace until the “re has been drowned cut . The 
wet stock should then be removed from the furnace tnrough the 
tuyeres and cinder notches. 
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LOW-TEMPERATURE CARBONIZATION OF COAL 
By S. W. Parr and T. E. Layne. 


The low-temperature carbonization of coal involves the 
carrying out of the coking process under conditions wherein 
neither the coal mass nor any of the passageways through 
which the volatile products pass are heated above 7CO or 
800 degrees C. For convenience in this discussion, the single 
number 750 degrees will be used to designate the maximum 
range. This temperature is not selected arbitrarily; it is the 
result of certain natural conditions that are inherent in the 
substances involved. Two of these conditions are sufficiently 
pronounced to suggest a line of demarcation at this point as 
follows: (1) Below 750 degrees, all the heavy hydrocarbons 
are expelled, which means that, at these lower temperatures, 
the illuminants, the gases of high calorific value, and the 
condensible oils are discharged; above 750 degrees, there are 
given off the lean, non-illuminating gases consisting for the 
most part of hydrogen and marsh gas and having no con- 
densible constituents present. (2) Below 750 degrees, there 
is substantialy no secondary decomposition; above 750 de- 
grees, the volatile products are readily decomposed, forming 
tars, napththalene, free carbon, etc. 


It is not intended to maintain that no secondary decom- 
positions occur below 750 degrees. Many recent studies have 
demonstrated the practicability, especially in the presence of 
catalytic substances, of cracking certain of the hydrocarbon 
compounds; but at these low temperatures the step is a mod- 
erate one, as, for example, from xylene to toluene or from 
toulene to an anthracene. These changes are moderate in 
amount. Not only do the reactions procecd slowly but they 
are subjectcd to the decomposing conditions for only a short 
time. This is evident when it is recalled that at these initial 
temperatures the decomposition of the coat:is very rapid and, 
if anywhere near a neutra! pressure is maintained, the move- 
ment of the evolved gases is lively and reduces, correspond- 
ingly, the time for the retention of the gases in the passage- 
ways where these milder decomposing conditions exist. 


It is acknowledged that the maintenance of the tempera- 
ture conditions at the present time has only an ideal and not 
a practical status. Actual operations under these conditions, 
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as an industrial accomplishment, is still in the experimental 
stage. lIlowever, many tendencies and many experimenters, 
not to Say promuters, are working toward this goal and the 
topic is certain to be one of great interest until we have 
come much nearer the ideal in practice. It is not the purpose 
of this paper to discuss possible methods whereby this end 
may be attained. Any industrial process, has in the main 
only negative results to report when it is in the development 
stage; otherwise it would not be in that stage. There is a 
definite value, however, in setting forth in quantitative ternis, 
so far as they may have been determined, the factors that 
represent the normal yield to be expected if conditions are 
maintained as planned. An added reason for offering such 
data is the tendency to make extravagant and unwarranted 
statements regarding the value and quantities that accompany 
the low-tempcrature process. 


The apparatus employed in these experiments is capable 
of handling 25 to 35 pounds of coal at a charge. The heat is 
applied by means of an electric current, the amount of re- 
sistance wire heing so adjusted as to produce a temperature 
not over 800 degrees C. The cross-section of the retort is 
7% inches. Pyrometer readings are taken at tie center of 
the mass and next to the wall of the retort. The coals em- 
ployed were mainly from Illinois but the experiments were 
extended to include samples from Indiana, Kentucky, West 
Virginia, and Pennsylvania. As already noted, it is the pur- 
pose of this paper to give as nearly as possible what may he 
looked upon as a normal value for the different products ob- 
tainable from the various coal samples employed. In this 
particular, therefore, it is supplementary to bulletins already 
published by the Engineering I:xperiment Station of the 
University of Illinois, wherein chief attention was given to 
methods of manipulation and where quantitive data as to 
by-products were imeager and occasionaly in error.* 


The results given in the tables are sufficiently specific and 
a further discussion must be reserved for the bulletin whercin 
it is hoped that additional data will be available concerning 
the composition of certain of the by-products, especially the 
tars. 


eI 


*S W. Parr and H. L. Olin: The Cooking of Coal at Low 
Temperature, Builetin 60 and Bulletin 79 (1913, 1915). 


Table 1—Coke from Low-Temperature Carbonization. 


No. Sample. 
125 Herron, Williamson Co., Tilinois............ ccc cece cece eens 
128 Harrisburg Saline Co., IJllimois... 02... . ccc eee cece eee 


129 Harrisburg Saline Co., 


DUIN GIS. we te eeks eee Ae aon ees 
140 Georgctown, Vermilion C65 TUN OISs eg isk iaiaw eae tea 
130 Fairmont, W. Va., Pittsburgh seam, high volatile.,......... 
131 Fairmont, W. Va, Pittsburgh seam, high volatile........... 
132 Fairmont. W. Va., Pittsburgh seam, high volatile........... 
135 “Jenner Coal,” Somerset Co., Pa., C prime seam, low volatife 
136 “Jenner Coal, ” Somerset Co., Pa., C prime seam, low volatile 


Volatile Fixed 
Moisture, — Ash, Matter, Carbon, Sulphur, 
Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. Btu. 
0.11 


Galicia 13.48 6.01 £0.40 1.89 12.627 
eaoaree 0.55 10.65 6.15 82.65 1.78 13.154 
ik Beaute 0.25 9.50 11.70 78.35 1.94 13,267 
re ee 0.22 15.59 5.02 79.17 1.47 

Se cco tac 0.63 11.11 11.64 76.62 1.17 13,624 
‘fons 0.61 10.31 5:52 83.76 1.00 13 916 
sda ees 0.31 10 03 4.12 85.78 0.90 13.851 
acca aeiac in 0.29 6.75 3.83 87.€9 0.77 14.430 
ere 0.18 8.C0 4.15 87.67 0.75 14,281 


Table 2—Gas from Low-Temperature Carbonization. 


No. Coal Sample. 


125 Herron, Williamson Co., Illinois........... 0c cece eee e noes oe 
128 Harrisburg Saline Co., Illinois...... Joann ane aera oles 
129 Harrisburg Saline Co., Illimois........... cc eee eee eee ee 
140 Georgetown, Vermilion G6. HNO 1S 460.556 eis sites dada es 
130 Fairmont, W. Va., Pittsburgh seam, high volatile........... 
131 Fairmont, W. Va., Pittsburgh seam, high volatile........... 
132 Fairmont, W. V3.. Pittsburgh seam, high volatile........... 
135 “Jenner Coal” Somerset Co., Pa., C prime seam, low volatile 
136 “Jenner Coal” Somerset Co., Pa., C prime seam, low volatile 
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Yield, in Heat Value in Sulphur in Each 
Cubic Foot Each Foot, Yoot-grain 
per Pound Btu. per 100 Ft. 

of Coal. A B Cc A Cc 


C rae) 
tu 


ee da oe 3.2 900 628 428 391 200 96 
gawiaentpe 3.2 892 676 443 303 206 93 
i crmeaa 3.4 845 541 465 198 122 28 
ere ee 3.4 995 685 462 404 254 34 
a serge 3.3 950 631 430 444 235 34 
rr ee 3.3 946 678 4°0 318 59 52 
bua gas 32 632 42) 362 11 2 0 
ere 3.7 745 564 410 19 13 0 
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TWO NEW SAFETY STARTERS HAVE NO EXPOSED 
LIVE PARTS. 


It is generally conceded that unprotected power terminals 
are as much a source of danger as unguarded gears and ma- 
chines, hence as a safety measure electrical societies are en- 
couraging the complete enclosing of motor starters to pro- 
tect workmen from coming in contact with live parts. Al- 
though safety conditions are primarily the causé of the de- 
mand. for enclosed starters, some installations require the 
enclosed type as a means of keeping the contact makiny 
parts clean and the starter in good operating condition 
- The latest additions to the line of enclosed starters manu- 
factured by the Cutler-Hammer Manufacturing Company, of 
Milwaukee and New York, are known as Bulletins 2111 and 
6193. The former consists of the familiar type of direct cur- 
rent face plate starter enclosed in a sheet metal case having 
an external lever which engages the movable arm of the 
starter, Fig. 1. The external, or operating lever is insulated 


Fig. 1—Direct current face plate starter enclosed in a sheet | 


metal case having an external lever which engages the 
movable arm of the starter. 


from the revolving contact arm by a block of molded. insula- 
tion. A pointer on the lever and legends stamped on the 
cover indicate to the workman whether the starter is “off” or 
“on.” In the smallest size of starter a knob of black insulating 
composition is provided in place of the operating lever. A low- 
voltage release coil in series with the shunt field protects the 
motor in case of voltage failure or if the field should be opened 
while the motor is running. The armature resistor is completely 
enclosed in the starter case, which is kept well ventilated by a 


flue in the top. 


With the exception of the enclosed feature the Bulletin 21]1 
starter is similar to the latest design onen face type of C-H 
standard starter, which can be changed to the enclosed starter 
described above in the few minutes required to change the operat- 
ing lever and put on the enclosing case Joth the enclosed and 
open type starters are used with de motors up to 50 hp, operat- 
ing at 115, 230 and 500 volts. 


Bulletin 6193 is an automatic motor starter panel of the 
counter E. M. F. type completely enclosed in a cast iron case 
with a hinged cover. The automatic feature is obtained by an 
accelerating contactor which cioses when the inotor attains abvout 
three-fourths full speed, and automatically shunts out the start- 
ing resistor. A magnetic main line contactor mounted on the 
panel allows remote control from two push button switches of 
the momentary contact type. The operation of the contactors in 
conjunction with the push button switches is as follows: Press- 
ing the “run” button closes the magnetic main line switch, there- 
by starting the motor with the armature resistor in circuit. The 
motor accelerates until it reaches about three-fourths norma] 
speed, wien the resistor is atromatically cut out of circuit by 
the closing of the accelerating contactor, the operating coil of 
which is connected across the motor leads and is energized by 
the counter FE. M. F. of the armature. The motor is stepped 
by pressing the “stop” button, or by voltage failure, both of 
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which cause the main line contactor to drop out A common- 


snap switch, a float switch or a pressure regulator can also be 


used for the remote contro! 95f the motor. When remote con- 
trol is not desired the magnetic main line contactor is omitted, 
and the motor is started by a fused knife switch mounted or 
the panel with an operating handle outside of the case. The 
handle can be locked in the open position to prevent unauthor- 
ized operation. 
switch is closed or throwing the switch with the cover opened. 
When the knife switch is used, low voltage release is inherent 
in the accelerating contactor, which will again close aiter ‘the 


voltage returns and the motor has accelerated to three-fourths: 


normal speed, provided the knife switch is still in the closed pos.- 
tion. 
ing and can be mounted on a wall or any flat surface. This 
starter is for use with small dc motors not rated over 2 hp at 
115 volts or 3 hp at 230 volts. 


With many factories and shops today equipped throughout. 


Fig. 2—Automatic meter starter panel of the counter E. M. F. 
type completely enclosed in a cast iron case with hinged 
cover. 


with individual motor drives, the field of application of these 
starters is very broad. They give particularly satisfactory serv- 
ice with motors starting with normal load and operating with 
unvarying voltage, such as those Criving fans, blowers, pumps 
lathes, drills and small motor-generator sets for arc welding 
By employing a separate field rheostat the Bulietin 6193 starter 


_may be used for the control of motors operating at variable 


speeds above normal. 


OUTDOOR SERVICE FOOT WARMER. 
An electric foot warmer made by the Westinghouse Elec- 


Interlocks prevent lifting the ccver while the. 


The cast iron enclosing case is arranged for conduit wir-. 


tric and Manufacturing Company, and designed for outdoor | 


service, makes it possible, in Winter weather, greatly to. re- 
lieve outdoor workers, obliged to remain in one spot for long 
periods of time, trom the discomfort of cold feet. 
gation as to how this relief could be furnished by means of 
an electric heater, resulted in the development of an elec- 
tric foot warmer different from anything previously on the 
market. . 

The warmer is manufactured in two sizes, one of which, 
measuring 14 inches wide 20 inches long and 3% inches high, 
is made either of cast iron or brass. This style is provided 


Investi- 


with a three-heat snap switch by which three-heat operation _ 


can be obtained. The amount of power consumed can be 
regulated to 200, 100 and 50 watts, respectively, at 120 volts, 
for the different positions of the switch. This size can also 
be operated on 240-volt service and rated at 200 watts single 
heat. The smaller type, 12 inches wide, 16 inches long and 
3% inches high, is rated at 200-watts on 120 volts single 
heat. Six feet of cord with a snap switch is supplied with 
each warmer. 


middle of one end. 


The rubber insulated cable enters the device -. 
through a bell-mouthed waterproof fitting mounted in the 
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The Hauck Manufacturing Co., Brook- 
Ivn, N. Y., has issued a new bulletin, 
No. 119, which illustrates and describes 
in detail the many different types of 
oil burners, manufactured by this firm. 
The book has also a number of Pic- 
tures showing the practical application 
of the Hauck burners to various types of 
furnaces. A part of the booklet is de- 
voted to sketches showing other ways 
and means of using Hauck burners. 
Throughout the entire book are given 
results of tests. 


The Blaw-Knox Co., Pittsburgh, Pa., 
has recently put out a small folder de- 
scribing the extent to which Blaw steel 
forms can be used in conection with 
cancrete construction projects. 
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Pittsburgh has moved its office from 
2930 Penn avenue to 105 Wonad Street, 
where they have a large display window 
and are more able to give better service 
in every way. The Hauck Burner Serv- 
ice Station at Boston has moved from 
70 High street to larger quarters at 149 
Perkeley street, corner Columbus ave- 
nue. This new office cons‘sts of a lavere 
display window, store. office and space 
for demonstration. ‘Th: lauck Burner 
Service Station at Cleveland has moved 
from 2114 Superior Viaduct. It is now 
located at 11C6 Walnut avenue, where the 
representative is in better position to 
give excellent service, make demonstra- 
tions. ete. 


The Easton Car & Construction Coy 
in order to give their customers in the 
Detroit cistrict the service that thetr 
business demands have opened a branch 
office in Room 400, Penoscot Building, 
Detroit, Mich. in charge of Mr. H. H. 
Siff, the district sales engineer, who is 
experienced in industrial railway mat- 
ters, and whose services are at the con:- 
mand of those interested. The Fas‘cn 
company announces that their branch 
orfices will carry a stock of spare parts 
as soon as the demand for such service 
makes it advisable. 


Several additions and changes in the 
sales and advertising departments of 
the Square D Company of Detroit, 
Mich., became effective February 1. E. 
A. Printz, formerly district sales macr- 
ager of the Chicago territory, was made 
sales manager, A. MacLachlan continu- 
ing in the capacity of secretary and di- 
rector of distribution. D. M. Stone, for- 
merly district sales manager of the 
Pittsburgh territory, was made district 
sales manager of the Detroit territory. 
J. A. Jaques, formerly in charge of the 
New York territory as district sales 
manager, was given the district sales 
managership of the Pittsburgh terri- 
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tory, and EH. W. Spahn, district sales 
matayer of the Dufalo territory, was 
placed in charge of New York. D. Hi. 
Colcord, formerly of the department of 
publicity of, the Westinghouse Air 
Brake Company of Pittsburgn was ap- 
pointed director of research engineer- 
ing. The annual sales conference of the 
Square D Company was held at the 
Hotel Statler, Detroit, February 16, 17 
and 18. 


Arthur G. McKee & Co., 2422 Euclid 
avenue, Cleveland, O., has been awarded 
a coniract for furnishing a 5-wnit Klin;z- 
Weidiein dry gas cleaner for the blast 
furnace plant of The Appleby Iron Co., 
Ltd. Scunthorpe, Lincolnshire, England. 
The decision of the Appleby iron Co.. to 
install this equipment was reached after 
a thorough investigation by their rep- 
resentatives of gas cleaning equipment in 
the United States and England. This 
is the second Kling-Weidlein dry gas 
cleaner installation being provided hy 
Arthur G. McKee & Co. for erection in 
England, and makes a total of 11 instal- 
lations at present in 2peration or under 
construction. 


Vhe Keystone Lubricating Company 
held its annual convention January 14 
te 17 and was attended by the district 
sates managers, district office managers 
and salesmen. The convention was 
opened with a talk by Mr. H. A. Buzbv, 
vice president, on “The History of che 
Company.” This was followed by a 
talk on “Credit Relations,” py Mr. W. 
I’. Buzhby, the treasurer. Tien came a 
series of open discussions on service, 
sales and consumers’ technical prob- 
lems by the fullowing members of the 
organization: Mr. Lowry, Mr. Kline, 
Mr. Cassady, Mr. Bennett, Mr. Web- 
ster, Mr. Binns, Mr. Yerlzes, Vr. Kim- 
bro, Mr. Hall, ifr. Moyer, Mr. DGickin- 
son, Mr. K. K. Busby “ir. Lawrence, 
Mr. l’aterson and Mr. Jackson. One of 
the most timely addresses was that de- 
liverel by Mr. N. T. Buzby, secretary 
of the company, who chose for his 
topic. “Our Foreign Relations.” Mr. 
Buzby has but recently returned from 
abroad where he had ample opportunity 
to closely study the trend of foreien 
markets, the opportunities and_ the 
problems. Mr. D. S. Paterson, marine 
engineer, related interesting experiences 
in the launching of government ships in 
his talk on “Results and Rewards.” 
“Lubricants and Their Application” was 
the subicct of an illustrated talk by Mr. 
T. O. Organ. consulting engineer. The 
concluding address was made by Mr. A. 
C. Buzby, president and founder of the 
company, who was presented with a 
beautiful testimonial from the members 
of the organization. Mr. Hall, the 
chairman. was congratulated upon the 
success of the convention and those who 
attended are enthusiastically looking 
forward to 1921. 


In order to care for expanding busi- 
ness on Yarway products. and give cus- 
tomers in the state of Michigan the best 
possible service, the 
Companv has opened a branch office in 
the Builders’ and Traders’ Exchange, 


Yarnall-Waring 


March, 192C 


Penobscot Building, Detroit, in charge 
of Mr. Walter G. Heacock, branch man- 
ager. 

The Pittsburgh Chapter of the Ameri- 
can Association of Lngincers recently 
held its annual election of officers and 
elected the following: C. L. Kirk, presi- 
dent; J. Charles Palmer, first vice presi- 
dent; C. M. Herrick, second vice presi- 
dent; L. C. Rowell, third vice president; 
G. W. Johnston, recording secretary; M. 
F. Snell, treasurer. ‘The following en- 
gineers were clected to the executive 
committee: S. D. Foster, S. H. Brena- 
man, M. Z. Balph, F. D. Manning, F. E. 
N. Thatcher, E. O. Garrett, W. R. Smith, 
S. A. Shubin. B. A. Ludgate, as the 
past president, becomes a member vwf 
the committee. 

The Electric Furnace Company, Al- 
hance, O., added the following number 
of installations during the last quarter 
of 1919, which are of special interest on 
account of the new type of cquipment 
involved, and the special alloys which 
are to be melted in these furnaces. 

The Standard Sanitary Manufacturing 
Company, Louisville, Ky., has just in- 
Stalled its fifth Baily Electric Furnace 
for melting yellow brass. 

McRae Roberts Company, Detroit, 
Mich., has installed its third Baily fur- 
nace. 

Nolte Brass Company, Springfield. O., 
has recently installed its second Baily 
furnace. 

White & Brothers, Philadelphia, Pa., 
has installed a 105-kw furnace, 1,500 ca- 
pacity. 

Akron Bronze & Aluminum Co., Ak- 
tron, O., has installed a 105-kw furnace, 
melting red and yellow brass. 

Union Brass & Metals Co., St. Paul, 


Minn., has installed a 105-kw furnace 


for melting red and yellow brass. 

American Hardware Company, New 
Britain, Conn., has installed a 105-kw 
furnace for melting brass. 

Roberts Brass Works, Detroit, Mich., 
has placed an order for three Baily fur- 
naces, each of 1,500 pounds capacity. 

Westinghouse Electric & Manufactur- 
ing Co., Pittsburgh, Pa., has installed a 
50-kw furnace of 5CO pounds hearth ca- 
pacity. 

Wasson Piston Ring Co., Plainfield, N. 
J., has placed an order for a 500-pound 
furnace for melting grey iron. 

Kayline Company, Cleveland, O., has 
purchased a 50-kw furnace with £00 
pounds hearth capacity, for melting yel- 
low brass. 

Mitsui & Co., of Japan, has purchased 
a 105-kw nose tilting furnace of one-ton 
capacity. together with a special motor 
operated casting table, so designed that 
metal may be poured directly into the 
moulds. 

Similar equipment, but with three cast- 
ing tables, has been purchased by the 
Parrish Pool Company of Cleveland, O. 

The West Virginia Metals Corporation 
will install two Baily units, each of 1.500 
pounds to one ton capacity. Both will 
be nose tilting furnaces. 
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both at home and abroad 


The Pakerless Producer-Gas Machine 


RDERS for four hundred received in 

the first four years. The Jow mainte- 

nance expense of this splendid machine brings 
back the difference in first cost annually. 


Send for new list of installations. 


os) Morgan Construction Co. 


Worcester, Mass. 
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